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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of shipment from the
factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States National
Bureau of Standards, to the extent alfowed by the Bureau’s calibration facilily, and to the calibration facilities of other
International Standards Organization members.

WARRANTY

This Hewlett-Packard system product is warranted against defects in materials and workmanship for a
period corresponding to the individual warranty periods of its component products. Computer and computer
peripherals are warranted for a period of 90 days. Instruments are warranted for a period of one year. During
the warranty period, Hewlett-Packard Company will, at its option, either repair or replace products which
prove to be defective.

Warranty service for products installed by HP and certain other products designated by HP will be performed
at Buyer's facility at no charge within HP service travei areas. Outside HP service travel areas, warranty
service will be performed at Buyer’s facility only upon HP's prior agreement and Buyer shail pay HP's round
trip travel expenses. In all other areas, products must be returned to a service facility designated by HP.

For products returned to HP for warranty service, Buyer shall prepay shipping charges to HP and HP shall
pay shipping charges to return the product to Buyer. However, Buyer shall pay all shipping charges, duties,
and taxes for products returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with an instrument will execute its
programming instructions when properly installed on that instrument. HP does not warrant that the opera-
tion of the instrument, or software, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by
Buyer, Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of
the environmental specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IMPLIED
WARRANTIES OR MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT
BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE
Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided at the back of
this manual.
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SAFETY CONSIDERATIONS

GENERAL

This product and related documentation must be
reviewed for familiarization with safety markings
and instructions before operation. This product
has been designed and tested in accordance with
international standards.

SAFETY SYMBOLS

instruction manuai symbol: the

& product will be marked with this
symbol when it is necessary for

the user to refer to the instruction

manual (refer to Table of Con-

tents).

, Indicates hazardous voitages.

Indicates sarth (ground) terminal.

The WARNING sign denotes a
! WARNING | hazard. It calls attention to a pro-
cedure, practice, or the like,
which, if not correctly performed
or adhered to, could result in
personal injury. Do not proceed
beyond a WARNING sign until
the indicated conditions are fully
understood and met.

\ ‘ The CAUTION sign denotas a
hazard. It calls attention to an
operating procedure, practice,
or the iike, which, if not correctly
performed or adhered to, could
result in damage to or destruc-
tion of part or all of the product.
Do not proceed beyond a CAU-
TION sign until the indicated
conditions are fully understood
and met,

SAFETY EARTH GROUND

This is a Safety Class | product {provided with a
protective earthing terminal). An uninterruptible
safety earth ground must be provided from the
main power source to the product input wiring ter-
minals, power, cord, or supplied power cord set,
Whenever it is likely that the protection has been
impaired, the product must be made inoperative
and secured against any unintended operation.

BEFORE APPLYING POWER

Verify that the product is configured to match the
available main power source per the input power
configuration instructions provided in this manual.

If this product is to be energized via an auto-
transformer make sure the common terminal is
connected to the neutrai (grounded side of the
mains supply).

SERVICING

WARNING

Any servicing, adjustment, maintenance, or
repair of this product must be performed only
by qualified personnel.

Adjustments described in this manual may be
performed with power supplied to the product
while protective covers are removed., Energy
avaifable at many points may, if contacted,
result in personal injury.

Capacitors inside this product may still be
charged even when disconnected from their
power source.

To avoid a fire hazard, only fuses with the
required current rating and of the specified
type (normal blow, time defay, efc.} are to be
used for replacement.




HP 8753B RF Network Analyzer

Power Cable” -

* Power Cable/Plug Supplied Depends on Country of Destination

Figure 1-1. HP 8753B Network Analyzer with Power Cable Supplied
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ABOUT THIS MANUAL SET

This Hewlett-Packard 87538 Network Analyzer System Operating and Programming Manual is a com-
plete guide to operating the HP 8753B vector network analyzer alone or in a system. It is part of a
three manual set, which also includes the On-Site System Service Manual and the Test Sets and
Accessories Manual binder.

The System Operating and Programming Manual contains instructions for setting up and operating the
HP 8753B network analyzer with related test sets and accessories, or in an automated system config-
uration with a controller. Information required to test, adjust, and service the MP 8753B is provided in
the On-Site System Service Manual. The Test Sets and Accessories Manual binder is provided to hoid
the manuals supplied with the test sets and measurement accessories used with the HP 8753B.
Figure 1 illustrates the HP 8753B with power cable supplied.

System Operating and Programming Manual Description

This manual consists of tabbed sections which provide the foliowing information:

e GENERAL INFORMATION AND SPECIFICATIONS provides an outline of the manual set. It
includes a description of the instrument and its available options, as well as the test sets and
accessories available. In addition it provides tables of specifications and supplemental perfor-
mance characteristics for the HP 8753B alone or in a system configuration.

& SYSTEM INSTALLATION provides information for site preparation and installation, including line
voitage and fuse selection, bench-top and rack-mount configurations, connectors and cables, and
HP-IB address selection. Checklists are supplied for site preparation and instaliation.

e OPERATOR'S CHECK is a brief procedure that provides reasonable confidence that the instru-
rnent or system is functional. It can be used following system installation, and is also appropriate
for regular daily or weekly use. Also included in this section are instructions for routine operator’s
maintenance, and information to use in case of difficulty. This supplies solutions to operating
problems, and references more detailed information in the service manual for cases when the
problem cannot immediately be resolved.

e USER'S GUIDE is a step-by-step tutorial guide for making measurements with the HP 87538
using front panei ¢controls.

¢ HP-IB INTRODUCTORY PROGRAMMING GUIDE describes remote operation of the HP 87538
with an HP 9000 series 200 or 300 computer as a controller. It includes examples of remote
measurements using HP BASIC programming. These examples are also stored on the example
programs disc provided with the HP 8753B. Familiarity with front panel operation of the HP 87538
is assumed. :

e HP-IB QUICK REFERENCE GUIDE is a reference synopsis for remote operation of the HP 8753B
with a controller. This programming note is intended for use by those familiar with HP-IB program-
ming and the basic functions of the HP 8753B.

® OPERATING AND PROGRAMMING REFERENCE is a complete reference for both local and
remote operation of the HP 8753B, organized functionally. it lists the instrument preset condition
and provides illustrations and descriptions of all front and rear panel features. It shows a com-
plete pictorial representation of the softkey menu structure. The purpose and use of all the front
panel keys and softkeys are listed, together with their HP-1B equivalents and the expected indica-
tions and results. All HP-IB functions and commands are listed and explained.

¢ QUICK OPERATING GUIDE, packaged separately, is a pocket-sized reference book that contains
a synopsis of the information likely to be needed most often by an operator using front panel
cantrols. This guide assumes familiarity with the operation of a network analyzer.

General Information and Specifications HP 87538



On-Site System Service Manual Description

The On-Site System Service Manual supplied with every HP 8753B is divided into sections that provide
the following information:

SERVICE AND EQUIPMENT OVERVIEW is a brief outline of the service documentation, together
with cross-references to the information in the Operating and Programming Manual and the Test
Sets and Accessories Manual.

PREVENTIVE MAINTENANCE provides procedures to maintain system components in peak
operating condition. This section provides procedures for cleaning connectors, glass bezsls, fan
filters, etc. This section suggests that the user periodically print error terms used by the instru-
ment. Error terms provide an indication of system errors the HP 87538 is correcting for internally.
A history of this data can be used to show the condition of the system, and if any areas of
performance have degraded.

ON-SITE VERIFICATION provides two types of checks:

System Verification, is designed to verify system-leve! error-corrected measurement perfor-
mance. Known traceable standards are measured and compared with recorded data. This auto-
mated pracedure is comained in firmware internal to the HP 8753B, and does not require an
external controller. A disc drive and power meter are required.

On-8ite Tests, which verify selected performance parameters of the HP 8753B.

PERFORMANCE TESTS provide tests to verify that HP 8753B instrument performance is in
accordance with the individual listed specifications. Each of the performance tests provides trace-
ability to known standards. Some tests are semi-automated and require the use of an external
controller. The test software is supplied on a 3.5 inch disc with single-sided format, packaged
inside the manual. The entire sequence of performance {ests takes about four hours to run, not
inciuding instrument warm-up time.

ADJUSTMENTS provide instructions for correct adjustment and alignment of the instrument after
repair or replacement of an assembly. Procedures are given for rejoading correction constants
after replacement of one or more specified assemblies. Software for these semi-automated
adjustment procedures is provided on disc with the performance test software.

SERVICE explains how to troubleshoot and repair the HP 8753B to the assembly level. It provides
step-by-step procedures to isolate a probiem to the defective assembly. Theory of operation is
provided, together with troubleshooting biock diagrams and a complete list of all signal
mnemonics and wiring connections.

REPLACEABLE PARTS provides part numbers and illustrations of the HP 87538 replaceable
assemblies and miscellaneous chassis parts, together with ordering information.

Test Sets and Accessories Manual Description

The HP 8753B Test Sets and Accessories Manual is a binder provided for convenient storage and
organization of the manuals for the accessory products used with the HP 8753B. When it is shipped it
is empty except for divider tabs, instructions, and a connector care manual. It is intended to be
assembled by the user, using the tabs to divide the accessory manuals into groups according to type
{test sets, power splitters, calibration kits, etc.). The measurement accessories available for use with
the HP 87538 are listed and described later in this section.

The connector care manual describes all the types of connectors used in HP 8753B measurement
accessories. it documents the considerations specific to each connector, and provides instructions
for care and cleaning, as well as special techniques for prolonging connector life.

HP 87538
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Instruments Covered by the Manual

Attached to the rear panel of the instrument is a serial number plate (illustrated in Figure 2). The serial
number is in two parts. The first four digits followed by a letter comprise the serial number prefix; the
last five digits are the suffix. The prefix is the same for all identical instruments; it changes only when a
change is made to the instrument. The suffix, however, is assigned sequentially and is different for
each instrument. This manual applies directly to instruments with the serial number prefix or prefixes
listed on the title page.

SERIAL NUMBER
IF-'"'_'__\
PREFIX SUFFIX
r—-&n—-—‘f-—h—\

f
FACTORY] SER 1230A 12345 ]
INSTALLED
OPT 0G0
OPTIONS ) N
{IF ANYY Kﬁﬂ HEWLETT « PACKARD

MADE IN USA

Figure 2. Typical Serial Number Plate

An instrument manufactured after the printing of this manual may have a serial number prefix that is
not listed on the title page. An unlisted serial prefix indicates that the instrument is different from those
documented in this manual. In this case, the manual for the newer instrument is accompanied by a
yellow manual change supplement. This supplement contains serial-specific change information that
explains how to adapt the manual for the newer instrument. in addition to change information, the
supplement may contain replacement information that applies to all instruments regardiess of their
serial numbers, '

To keep this manual as current as possible, Hewlett-Packard recommends that you periodically
request the latest manual change supplement. The part number for the supplement is listed on the
front page of the supplement’s index. In addition, the supplement for this manual is identified with the
manual’s print date and part number, both of which appear on the title page of the manual.

Microfiche Copies of the Manual

On the title page of this volume is a microfiche part number. This number can be used to order a
package of 10 x 15 centimeter {4 x 6 inch) microfilm transparencies of the manual.

Refer any questions regarding this manual, the manual change supplement, or the instrument to the
nearest Hewlett-Packard Sales/Service Office. Always identify the instrument by model number, com-
plete name, and complete serial number in all correspondence. A worldwide listing of HP Sales/
Service Offices is provided at the back of this volume.

General Information and Specifications HP 8753B



o HP 8753B DESCRIPTION

; CAUTION 1

A properly grounded AC outlet is mandatory when operating the HP
87538. Operating the instrument with an improperly grounded or floating
ground prong WILL DAMAGE THE INSTRUMENT!

eiuia

The HP 8753B is a high performance vector network analyzer for laboratory or production measure-
ments of reflection and transmission parameters, It integrates a high resolution synthesized RF
source and a dual channel three-input receiver to measure and display magnitude, phase, and group
delay responses of active and passive RF networks. Option 002 provides swept harmonic measure-
ments of RF amplifiers. Option 006 extends the frequency range of the three-input receiver to 6 GHz.
Option 010 provides the capability of transforming measured data from the frequency domain to the
time domain. For information on other options, refer to Options Available tater in this section.

Two independent display channels and a large screen CRT display the measured results of one or
both channeis, in rectangular or polar/Smith chart formats.

Digitai sighal processing and microprocessor controls combine to provide easy operation and meas-
urement improvement. Measurement functions are selected with front panel keys and softkey menus.
Displayed measurement results can be printed or plotted directly to a compatible peripheral without
the use of an external computer. instrument states can be saved in internal memory for at least three
days. In addition, the instrument can control a compatible disc drive for external storage capability.
Built-in service diagnostics are available to simpliify troubleshooting procedures.

Trace math, data averaging, trace smoothing, electrical delay, and accuracy enhancement provide
performance improvement and flexibility. Accuracy enhancement methods range from normalizing
data to complete one or two port vector error correction. Vector error correction reduces the effects of
system directivity, frequency response, source and load match, and crosstalk.

In combination with its compatible test sets and accessories, the HP 8753B has the ability to make
complete reflection and transmission measurements in both 50 and 75 ochm impedance environments.

New Features

In addition to the above capabilities, the HP 8753B has several new features not included in the HP
8753A. The new features include:

1601 Error Corrected Measurement Points. The HP 87538 allows full two-port error correction with
1601 measurement points.

Automatic Sweep Time. The HP 8753B can autormnaticaily adjust sweep time to sweep as fast as
possible for the given IF bandwidth, number of points, averaging mode, frequency range, number of
points, and sweep type.

External Source Capability. External Source Mode allows you to phase iock the HP 8753B receiver
to an external source. Refer to Operating and Programming Reference Chapter 14,

independent Receiver Use. The Tuned Receiver Mode aliows you to use the receiver as a stand-
alone device. CW measurements are possible with a synthesized external source. This mode is used
in non-phase-locked appiications which require great speed, or that require arbitrary measurements
at certain frequencies. Refer to Operating and Programming Reference Chapter 14.

HP 87538 General Information and Specifications



Receiver/Source Frequency Offset. For mixer test applications, the HP 87538's receiver and
source may be programmed with a fixed frequency offset. The HP 8753B will maintain phase-lock with
a mixer placed between its RF cutput and R inpui port. An external source is required as a local
oscillator. Refer to Operating and Programming Reference Chapter 14,

Power Meter Calibration. The HP 8753B uses an HP-IB compatible power meter {0 monitor and
correct its output power at each point. A power correction table stores the correction values. This
feature may be used in either of two ways:

e The power meter measures and corrects every sweep (continuous correction). This method
should be used in applications where high speed is not a criticai factor.

® The instrument measures and corrects power in a sample sweep. Subsequent sweeps are cor-
rected by the vaiues in the power correction table. This method is much faster than continuous
correction. :

Refer to the Operating and Programming Reference Chapter 5.

Interpolated Error Correction. This allows the operator to perform any type of calibration, and then
display any subset of that frequency range or use a different number of points. if the operator changes
only the frequency range, interpoiated error correction uses the same number of points as the original
calibration. New error coefficients are interpolated from the coefficients of the original calibration.
Interpolated arror correction provides a great improvement over uncorrected measurements, but is
not specified. Refer to Operating and Programming Reference Chapter 5.

Segmented Error Correction in Frequency List Mode. Frequ'ency fist mode now allows the operator
to select any frequency segment from the list —and retain full specified calibration. Refer to Operating
and Programming Reference Chapter 3.

Automated Operation Without an External Computer Controlier. The test sequence function allows
the operator 10 save all keystrokes in a particular measurement task, and have the HP 87538 perform
them automatically at a later time. This feature combines simple operation with many advanced
features, such as; sequence stacking, conditional jumps, user-defined prompts, and many others.
Seguences may be stored to an optional external disc drive. Refer to Operating and Frogramming
Reference Chapter 13.

Harmonic Measuremenis (Option 002), This displays the second or third harmonic of the funda-
mental while sweeping either frequency or power. The fundamental may be displayed simultaneously.
The minimum fundamentai frequency is 16 MHz, and harmonics can not be measured if they exceed
the upper frequency range of the instrument. Refer to Operating and Programming Reference Chapter
14.

Piotter/Printer Buffer. The buffer allows a single plot or print-out to be made while the instrument
continues to make measurements.

About Instrument Specifications

Table 1 in this section lists HP 8753B instrument specifications. These are coded in four levels,
ranging from performance standards or limits that are tested by the performance tests in the service
manual, to typical but non-warranted instrument performance parameters. Table 2 lists supplemental
characteristics.
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SYSTEM DESCRIPTION

An HP 8753B system consists of the HP 87538 with one of the following test sets/accessories:

e HP 85046A/B or 85047A S-parameter test set
s HP 85044A/B transmission/reflection test set
e HP 11850C/D or 11667 A power splitter

in addition to one of the above, an HP 87538 system requires a compatible Hewlett-Packard calibra-
tion kit and the necessary cables. The compatible test sets, powser splitters, calibration kits, and
cables are described under Test Sets Available and Measurement Accessories Available later in this
section.

The system may also include other compatible peripherals such as a printer, plotter, or optional disc
drive. The printer and plotter are described under Other Accessories Available. The optional disc drive
is described under Options Available.

The system can be automated with the addition of an HP 9000 series 200 or 300 computer. This allows
all of the HP 8753B’s measurement capabilities to be programmed over the Hewlett-Packard Inter-
face Bus (HP-1B).

HEWLETT-PACKARD INTERFACE BUS (HP-IB)

The HP 87538 is factory-equipped with a remote programming interface using the Hewlett-Packard
interface Bus (HP-I1B). HP-IB is Hewlett-Packard’s hardware, software, documentation, and support
for IEEE-488.1 and IEC-625, worldwide standards for interfacing instruments, This provides a remote
operator with the same control of the instrument available to the local operator, except for control of
the power line switch and some internat tests. Remote control is maintained by a controiling computer
that sends commands or instructions to and receives data from the HP 8753B using the HP-IB.
Several output modes are available for outputting data. Through a subset of HP-GL {Hewlett-Packard
Graphics Language), user graphics can be plotted on the HP 8753B CRT. A complete general descrip-
tion of HP-IB is available in Condensed Description of the Hewlelt-Packard Interface Bus (HP part
number 59401-80030), and in Tutorial Description of the Hewlett-Packard interface Bus (HP literature
number 5952-0156).

The HP 87538 itself can use HP-1B {0 output measurement results directly 1o a compatible printer or
plotter, to store instrument states using an optional disc drive, without the use of an external com-
puter. It can also control a power meter for power calibration.

OPTIONS AVAILABLE

Option 002, Harmonic Mode

The HP 87538, when equipped with this option, can measure second or third harmonics of the DUT's
fundamental output signal. Frequency and power sweep are supported in this mode. Harmonic fre-
quencies may be measured up to the maximum frequency of the receiver. However, the fundamental
frequency may not be lower than 16 MHz,
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Option 006, 6 GHz Receiver Operation

This option extends the maximum receiver frequency of the HP 87538 to 6 GHz, although it doss not
extend the maximum frequency of the buili-in RF source. When used with the HP 85047 A S-parameter
test set, the HP 8753B option 006 provides high performance vector measurement capability to 6
GHz.

Option 010, Time Domain

The HP 8753B option 010 has the capability of displaying the time domain response of a network by
computing the inverse Fourier transform of the frequency domain response. This provides the ability
to view the response of a test device as a function of time or distance. Displaying the reflection
coefficient of a network versus time determines the magnitude and location of each discontiriuity, or
displaying the transmission coefficient of a network versus time determines the characteristics of
individual transmission paths. Time domain operation retains all accuracy inherent with the calibration
that is active in the frequency domain. The time domain capability is useful for the design and charac-
terization of such devices as SAW filters, SAW delay lines, RF cables, and RF antennas.

Option 802, External Disc Drive

This provides an HP 9122 dual 3.5 inch microfloppy disc drive. This double-sided drive provides a total
of 1420 kbytes of formatted capacity. Ordering numbers for discs and disc holders are provided in
Other Accessories Available, later in this section. The one-year on-site warranty provided with the HP
B753B (where available) also applies to this disc drive.

Option 908, Rack Mount Without Handles

Option 908 is a rack mount kit containing a pair of flanges and the necessary hardware to mount the
instrument, with handles detached, in an equipment rack with 482.6 mm (19 inches) horizontal spac-
ing. Refer to the System Installation section of this manual for instructions on removing the handies
and preparing the instrument for rack mounting with this option kit.

Option 913, Rack Mount With Handles

Option 913 is a rack mount kit containing a pair of flanges and the necessary hardware to mount the
instrument with handles attached in an equipment rack with 482.6 mm (19 inches) spacing. Refer to
System Installation for instructions.

Service and Support Options

The HP 8753B automatically includes a one-year on-site service warranty, where available. The fol-
lowing service and suppaort products are available with an HP 87538 system at any time during or after
the time of purchase. The system’’ consists of an HP 8753B with elther a 85044 A, 85046A, or 85047 A
{est set; either an HP 118518 or 118570 cable kit; and an HP 85031B 7 mm calibration kit. Some
restrictions apply to 75 ohm systems, i.e. those with an HP 85044R or 850468 test set. Consult your
local HP customer enginser for details.

On-Site Installation and System Verification (+23N) provides installation of the HP 8753B system by
a Hewlett-Packard customer engineer, and performance of the system verification procedure
described below.

On-Site System Verification (+23G), performed by a Hewlett-Packard customer engineer, confirms
the system’s error-corrected uncertainty performance by measuring traceable 7 mm devices. It pro-
vides a hardcopy listing of both ideai and actual data, together with a certificate of traceability. Preven-
tive maintenance is performed at the time of system verification. Travel through Zone 3 (up-to 100
milesf160 km from Hewlett-Packard's nearest service-responsible office) is included.
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Cn-Site Service and System Verification (4 02A) provides four-hour on-site response through Travel

Zone 3 on all service requests for the HP 8753B and a 50 ohm test set by a Hewlett-Packard customer

engineer. Two on-site system verification procedures (described above) are included per year. Pre-
ventive maintenance is performed at the time of system verification.

On-Site Service and System Verification (+02B) provides next day on-site response through Travel
Zone 3 on all service requests for the HP 8753B and a 50 ohm test set by a Hewlett-Packard customer
engineer. Two on-site system verification procedures with preventive maintenance are included per
year.

Return to HP Full Service Agreement (-+22A) is a one-year service contract that provides for any
repair of the HP 87538 at a Mewlett-Packard repair facility. One compiete calibration procedure is
included.

Return to HP Repair Agreement { +22B) provides repair of the HP 87538 at a Hewlett-Packard repair
facility for a period of one year. Following repair, the instrument is tested functionally but is not fully
calibrated.

Return to HP Calibration Agreement {4 22C} provides a once-a-year complete calibration procedure
at a Hewlett-Packard facility.

Return to HP Calibration (+22G) is a one-time complete calibration procedure performed at a
Hewlett-Packard facility. The procedure verifies that the HP 8753B is performing according to its
published specifications.

Tool Kit: a dedicated tool kit is available for HP 8753B froubleshoocting, consisting of extender
boards, extender cables, and adapters. The contents of the tool kit are listed in the On-Site System
Service Manual.

Option 910, Extra Manual Set provides an additional Operating and Programming Manual, On-Site
System Service Manual, and Test Sets and Accessories Manual. After initial shipment, order extra
manuals by part number. The numbers are listed on the title page and rear cover of the manuals and in
the Replaceable Parts section of the On-Site System Service manual.

NOTE: Because the Test Sets and Accessories Manual is essentially an empty binder for holding
separate accessory manuals, it has not been made separately available. It is suggested that any
commonly availabie binder be used instead. However, If the entire manual set is ordered as a unit, it
will contain the Test Setls and Accessorfes Manual.
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EQUIPMENT REQUIRED

In order to make measurements, the HP 8753B requires a portion of the RF signal to be routed 1o the

. reference input for proper network anaiyzer phase-locked operation. Therefore, a test set or power

splitter is required for signal separation. in addition, connecting cables and standard devices for
calibration are required. The compatible Hewlett-Packard devices are described under Test Sets
Available and Measurement Accessories Available.

For automatic operation, an HP 9000 series 200/300 computer is recommended. This computer is
also required to run automated performance tests or adjustment procedures.,

TEST SETS AVAILABLE

HP 85046A/B S-Parameter Test Sets

The HP 85046A/B S-parameter test sets provide the signal separation devices, RF path switching,
and externai connectors {0 enable the HP 87538 to measure all four S-parameters of a two-port 50 or
75 ohm device with a single connection. The HP 85046A measures the responses of 50 ohm devices
from 300 kHz to 3.0 GHz, and the HP 850468 measures the responses of 75 ohm devices from 300
kHz to 2.0 GHz. The test sets are totally controlied from the HP 8753B and include a 0 to 70 dB step
attenuator programmable in 10 dB steps. Each test set also contains two internal DC bias tees for
btasing of active devices.

The test port connectors for the HP 85046A are precision 7 mm connectors, and the HP 85046B test
port connectors are 75 ohm type-N (f). Both connectors can be adapted to other interfaces with the
appropriate precision adapters. Four interconnect cables are included to connect the test set to the
HP 87538. In addition, test port return cables are required: HP 11857D cables with the HP 85046A, or
HP 118578 75 ohm cabies with the HP 850468.

HP 85047A 6 GHz S-Parameter Test Set

The HP 85047A is similar to the 50 Q HP 85046A test set, but operates up to 6 GHz. This test set
includes a frequency doubler that can be switched in to measure 3 MHz to 6 GHz in a single sweep or
switched out to measure 300 kHz to 3 GHz in a single sweep. The HP 85047 A is equipped with a 70 dB
step attenuator and internal DC bias tees. The test port connectors are precision 7 mm. Four intercon-
nect cables are included to connect the test set to the HP 87538, HP 11857D test port return cables
must be ordered separately. ‘

HP 85044A/B Transmission/Reflection Test Sets

The HP 85044A/B transmission/reflection test sets provide the signal separation devices and external
connectors that enable the HP 8753B to simultaneously measure the reflection and transmission
characteristics of a 50 or 75 ohm device in one direction. The HP 85044A measures the responses of
50 ohm devices from 300 kHz to 3.0 GHz, and the HP 85044B measures the responses of 75 ohm
devices from 300 kHz to 2.0 GHz. Both test sets include a 0 to 70 dB step attenuator manually
controllable in 10 dB steps, and the circuitry necessary to allow biasing of active devices through the
test set.
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The test port connectors are precision 7 mm on the HP 85044A and 75 ohm type-N (f) on the HP
850448, and they can be adapted to other interfaces with the appropriate precision adapters. A7 mm
to 50 ohm type-N (f) adapter is included with the HP 85044A. An HP 118528 50 ta 75 chm minimum
loss pad is included with the HP 850448, to provide a low SWR impedance match between the output
port of the device under test and the return cabie to the network analyzer. The HP 11851B 50 ohm
type-N RF cable set is required for use with either of these transmission/refiection test sets.

MEASUREMENT ACCESSORIES AVAILABLE

Power Splitters

HP 11850C/D Three-Way Power Splitters. These are four-port, three-way power splitters. One out-
put arm is used as the reference for the network analyzer in making ratio measurements and the other
two output arms are test channels, The HP 11850C has a frequency range of DC to 3 GHz and an
impedance of 50 ohms; the HP 118500 has a frequency range of DC to 2 GHz and an impedance of 75
ohms. Three HP 11852A 50 to 75 ohm minimum loss pads are supplied with the HP 118500 power
splitter, to provide a low SWR impedance maich between the power splitter and the 50 ohm ports of
the network analyzer.

HP 11667 A Power Splitter. This is a two-way power splitter with one output arm used for reference
and one for test. It has a frequency range of DC to 18 GHz and an impedance of 50 ohms.

Calibration Kits

Vector error correction (measurement calibration) procedures require that the systematic errors of a
measurement system be characterized by measuring known devices (standards) on the system over
the frequency range of interest. The following calibration kits contain precision standard devices with
different connector types, to characterize the systematic errors of an HP 8753B measurement sys-
tem. The part numbers for the devices in each calibration kit are listed in the manual supplied with the
calibration kit.

HP 850318 7 mm Calibration Kit. The precision standards in this kit are used to calibrate the HP
8753B with an HP 85046A/47 A S-parameter test set or HP 85044A transmission/reflection test set for
measurement of devices with precision 7 mm connectors. The following standards are included:

® Two 7 mm 50 chm terminations
® One 7 mm combination short/open

HP 850328 50 Ohm Type-N Calibration Kit. The precision standards in this kit are used to calibrate
the HP 87538 with an HP 85046A, 85047A, or 85044A test set for measurement of devices with 50
ohm type-N connectors. The adapters are all of the same electrical length to facilitate calibration of
non-insertable devices (see Operating and Programming Reference). The kit consists of the following
standards:

(1) type-N (m) 50 ohm termination

(1) type-N (f) 50 ohm termination

(1) type-N (m) short circuit

(1) type-N (f) short circuit

(1) type-N (m) open circuit with center conductor extender
(1) type-N (f) open circuit

(2} 7 mm to type-N (m) adapters

(2} 7 mm to type-N () adapters
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HP 85033C 3.5 mm Caiibration Kit. This kit contains precision standards used to calibrate the HP
87538 with an HP 850484, 85047 A, or 85044A test set for measurement of devices with precision 3.5
mm connectors. The adapters are all of the same electrical length to facilitate calibration of non-
insertable devices. The kit consists of the following standards:

(1} 3.5 mm {m) 50 ohm termination

(1) 3.5 mm (f) 50 ohm termination

{1} 3.5 mm (f) short circuit

{1) 3.5 mm (m) short circuit

(1) 3.5 mm (f) open circuit with center conductor extender
(1) 3.5 mm (m} open circuit with center conductor extender
(2) 7 mm to 3.5 mm (m) adapters

{2) 7 mm to 3.5 mm (f) adapters

HP 85036B 75 Ohm Type-N Calibration Kit. This kit contains precision standards used to calibrate
the HP 8753B with an HP 850468 or 850448 75 ohm test set for measurement of devices with 75 ohm
type-N connectors. The adapters are all of the same electrical length 1o facilitate calibration of non-
insertable devices. The kit consists of the following standards:

(1) type-N (m) 75 ohm termination

(1) type-N (f) 75 ohm termination

(1) type-N (f} 75 ohm short circuit

(1) type-N (m) 75 ohm shart circuit

{1) type-N (f} 75 ohm open circuit

{1) type-N (m)} 75 ohm open circuit with center conductor extender
{1) type-N {m} to type-N (m) 75 ohm adapter

{1) type-N {f} t0 type-N (f) 75 ohm adapter

{1) type-N (f} to type-N (m) 75 ohm adapter

HP 85033A SMA Calibration Kit. The standards in this kit are used to caiibrate the HP 87538 with a
test set for measurement of devices with SMA connectors. These are not precision devices, and
should be used only in applications where some degradation of performance is acceptabie. (For
maximum accuracy use the HP 85033C precision 3.5 mm calibration kit.) The following devices are
included:

(1) SMA {f) 50 chm termination

{1) SMA (m)} 50 ohm termination

) f} short circuit

m} short circuit

(1) SMA (m) open circuit (option 001 oniy)
(1) SMA (f) open circuit (option 001 only)
(2) 7 mm to SMA (m} adapters

(2) 7 mm to SMA {f) adapters

SMA
(1) SMA

o o

Verification Kit

Accurate operation of the HP 8753B system can be verified by measuring known devices other than
the standards used in calibration, and comparing the results with recorded data.

HP 85029B 7 mm Verification Kit. This kit contains traceabie precision 7 mm devices used to con-
firm the system’s error-corrected measurement unceriainty performance. Also included is verification
data on a 3.5 inch disc, together with a hard-copy listing. A system verification procedure is provided
with this kit and also in the On-Site System Service Manual.

12 General Information and Specifications HP 8753B



Test Port Return Cables

The following RF cables are used to return the transmitted signal to the test set in measurements of
two-port devices. These cables provide shieiding for high dynamic range measurements.

HP 11857D 7 mm Test Port Return Cable Set. These are a pair of test port return cables for use with
the HP 85046A or B5047 A S-parameter test sets. The cables can be used in measurements of devices
with connectors other than 7 mm by using the appropriate precision adapters.

HP 118578 75 Ohm Type-N Test Port Return Cable Set. These are a pair of test port return cables
for use with the HP 850468 3-parameter test set.

HP 118518 50 Ohm Type-N RF Cable Set. This kit contains the three phase-matched 50 ohm type-N
cables necessary to connect the HP 85044A/B transmission/reflection test set or a power splitter 1o
the HP 8753B, as well as an RF cable to return the transmitted signal of a two-port device to the
network analyzer. For use with the HP 85044B test set, the HP 11852B 50 to 75 ohm minimum loss pad
supplied with the test set must be used for impedance matching with the RF return cabie.

Adapter Kits

HP 118528 50 to 75 Ohm Minimum Loss Pad. This device converts impedance from 50 ohms to 75
ohms or from 75 ohms te 50 ohms. It is used to provide a low SWR impedance match between a 75
ohm device under test and the HP 8753B network analyzer or a 50 ohm measurement accessory. An
HP 11852B pad is included with the HP 850448 75 ohm fransmission/reflection test set. Three HP
118528 pads are included with the HP 11850D 75 ohm power splitter.

HP 11853A 50 Ohm Type-N Adapter Kit. This kit contains the connecting hardware required for
making measuremenis on devices with 50 ohm type-N connectors.

HP 11854A 50 Ohm BNC Adapter Kit.  This kit contains the connecting hardware required for making
measurements on devices with 50 ohm BNC connectors.

HP 11855A 75 Ohm Type-N Adapter Kit. This kit contains the connecting hardware required for
making measurements on devices with 75 chm type-N connectors.

HP 11856A 75 Ohm BNC Adapter Kit. This kit contains the connecting hardware required for making
measurements on devices with 75 chm BNC connectors.

Transistor Test Fixtures

HP 116008 and 11602B Transistor Fixtures. These fixtures are used to hold devices for S-parameter
measurements in a 50 ohm coaxial circuit. They can be used to measure bipolar or field-effect tran-
sistors in several configurations, from DC to 2.0 GHz. The HP 116008 accepts transistors with TO-18
to TO-72 package dimensions, and the HP 11602B accepts transistors with TO-5 to TO-12 package
dimensions. Both fixtures can also be used to measure other circuit elements such as dicdes,
resistors, or inductors, which have 0.016 to 0.019 inch diameter leads.

HP 11608A Option 003 Transistor Fixture. This fixture is designed to be user-milled to hold stripline
transistors for S-parameter measurements. Option 003 is pre-milled for 0.205 inch diameter disc
packages, such as the HP HPAC-200.

HP 11858A Transistor Fixture Adapter. This transistor fixture adapter provides a rigid RF cable
interconnection between the HP 85046A or 85047A S-parameter test set and the HP 11600B, 116028,
or 11808A transistor fixture., '
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SYSTEM ACCESSORIES AVAILABLE

System Rack

The MP 85043B system rack is a 124 ¢m (49 inch) high metal cabinet designed to rack mount the HFP
87538 in a system configuration. The rack is equipped with a large built-in work surface, a drawer for
calibration kits and other hardware, a booksheif for system manuals, and a locking rear door for
secured access. Lightweight steel instrument support rails support the instruments along their entire
depth. Heavy-duty casters make the cabinet easily movable even with the instruments in piace.
Screw-down lock feet permit leveling and semi-permanent installation: the cabinet is extremely stable
when the lock feet are down. Power is supplied to the cabinet through a heavy-duty grounded primary
power cable, and to the individual instruments through special power cables included with the cabinet.

Plotters and Printers

The HP 8753B is capable of plotting or printing displayed measurement resuits directly to a compati-
ble peripheral without the use of an external computer. The piotters listed below are compatible with
the HP 8753B. Note that the HP 87538 has a printer buffer built into its firmware. This buffer allows
one hardcopy print or plot to proceed white the instrument makes measurements.

HP 7440A O'ption 002 CoiorPro Eight-Pen Color Graphics Plotter plots on ISO A4 or 8 1/2 x 11 inch
charts.

HP 7475A Option 002 Six-Pen Graphics Plotter plots on I1SO A4/A3 or 81/2 x 11 inch or 11 x 17 inch
charts.

HP 7550A High-Speed Eight-Pen Graphics Plotter piots on ISO A4/A3 or 8 1/2 x 11 inch or 11 x 17 inch
plots.

HP 7090 Measurement Plotting System is a high-performance six-pen programmable digital plotter.
It plots on ISO A4/A3 or 8.5 x 11 inch or 11 x 17 inch paper or overhead transparency fifm.

Printers. The compatible printers for both printing and plotting are:

HP 2225A ThinkJet printer

HP 82906A option 002 graphics printer
HP 2673A thermal graphics printer

HP 9876A thermal graphics printer.

e & 80

Mass Storage

The HP 8783B has the capability of storing instrument states directly to an external mass storage
device without the use of a computer. Any disc drive that uses CS80 protocol and HP 200/300 series
(LIF} format is compatibie. Discs may be formatted directly by the HP 8753B. An HP 9122 Dual 3.5 inch
floppy disc drive is supplied when the HP 8753B option 802 is ordered. Ancther recommended disc
drive is the HP 9153C 20 Megabyte Winchester disc drive

HP-1B Cables

An HP-IB cable is required for interfacing the HP 87538 with a plotter, printer, external disc drive, or
computer. The cables available are HP 18033A (1 m), HP 10833B (2 m), and HP 10833D (0.5 m).
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Computer

An external controller is not required for error correction or time domain capability. However, the
systemn can be automated with the addition of an HP 200/300 series computer. In addition, some
performance test procedures are semi-automated and require the use of an external controller. {The
system verification procedure does not require an external controller.) For more information about
compatible computers, call your Hewlett-Packard customer engineer.

Sample Software

A sample measurement program is provided with the HP 87538, on a 3.5 inch disc inserted at the back
of this manual. The program includes typical measurements to be used as an introductory example for
programming the HP 8753B over HP-IB. It is designed to be easily modified for use in developing
programs for specific needs. The program is compatible with BASIC versions 2.0 and later and will run
on an HP series 200/300 computer, using any HP 87538 compatible printer or plotter.

System Furniture

A table is required for the system controller and the plotter or printer. The recommended work station
tabie is HP 92170G, which is 720 mm (28 in) high by 930 mm (36 in) wide by 712 mm (28 in} deep and
mounted on casters.

Discs and Disc Accessories

Hewlett-Packard discs are warranted against defects in material and workmanship for a period of five
years from date of delivery. Price information is available from the toll-free number shown below. If
you wish, ask for the free HP Personal Computer User’s Catalog.

To order: CALL TOLL FREE 1-800-538-8787. Orders ship within 24 hours.

HP Part Number Description
92192A Box of 10 3.5 inch microfloppy discs
92191R Rosewood roli-top disc holder. Holds 50 discs.
92191Q Acrylic H#ft-top disc holder. Holds 25 discs.
92191E Set of five modular disc holders. Holds 10 discs per module.
921917 Bookshelf-style folding plastic dis¢ holder. Holds 10 discs.
92191M Micro disc carry case. Holds 5 dises.
92191H Disc library binder. Holds 20 discs initially.
S2191L 20 additional pages for binder. Holds 40 additional discs.

RECOMMENDED TEST EQUIPMENT

Equipment required to test, adjust, and service the HP 8753B system is listed in the beginning of the
On-Site System Service Manual. Other equipment may be substituted if it meets or exceeds the critical
specifications listed.

HP 8753B General Information and Specifications 15



SAFETY CONSIDERATIONS

This manual is intended for use by the operator of the HP 8753B. Operating personnel must not
remove the instrument covers. The instrument should be serviced only by qualified personnel who are
aware of the hazards involved. Detailed safety precautions are described in the service manual.
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Instrument Specifications

Table 1. HP 8753B Instrument Specifications {1 of 1()

The specifications listed in Table 1 range from those guaranteed by Hewiett-Packard to those typical of most HP 8753B
instruments but not guaranteed. Codes in the far right column of Table 1 reference a specification definition listed below. These
definitions are intanded to clarify the extent to which Hewlett-Packard supports the specified performance of the HP B753B.
§-1: This performance parameter is verifiable using performance tests documented in the service manual.

* Explicitly tested as part of an on-site verification performed by Hewlett-Packard.

8-2: Due to limitations on available industry standards, the guaranteed performance of the instrument cannot be verified
outside the factory. Field procedures can verify performance with a confidence prescribed by avaifable standards.

§-3: These specifications are generally digital functions or are mathematically derived from tested specifications, and can
therefore be verified by functional pass/fail testing.

T: Typical but non-warranted performance characteristies intended to provide information useful in applying the instrument.
Typical characteristics are representative of most instruments, though not necessarily tested in each unit. Not field tested.

SOURCE
FREQUENCY CHARACTERISTICS
Code
AaNgE ... i i e e 300 kMzto3GHz ........ ... e S-1*
Accuracy @t 25°C £5°C) ... . i 10 PP e e S-ir
Stability
L (o T T B PPM e e T
DEEYBAT ...t iaiii e o I8 4T L+ T O T
ResSOIIHON ... . i e 2 = -3 5-3
OUTPUT POWER CHARACTERISTICS
REMgE .. . s —5t0+20dBm ... 5-1*
Resolution . ..., . . . e 1 dB e e 8-3
Level Accuracy (at + 10 dBm output Jevel, 50MHzy ... £05dB ... ... ... ... . . o aaiiiia S-1-
{at 25°C = 5°C)
Flatness @t 25°C = 5°C) ......... ... . vt E1dB e S-1*
Linearity (at 25°C £5°C)
=Bt H18dBm ... e +0.2 dB {refative to + 710 dBm output levely ..... S-1
+15t0 F20dBm L. e +0.5 dB {refative to + 10 dBm output levely ..... 8-1
IMEEedante .. ......cc it iiorincennonsennans 50 ohms; >18 dB return logs (<138 SWR) ..... T
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Table §. HP 87538 Instrumeni Specifications (2 of 10)

SOURCE (Cont'd)

SPECTRAL PURITY CHARACTERISTICS
(with G to ~ 10 dBm info R input)

) Code
2nd Harmonic
at +20dBmoutputlevel .. ... ... L. <25 ABC ... e 8-1*
at+10dBm ... <—=40dBC ..... ... i T
at0dBm ... <—=80dBc ......... . ... il T
3rd Harmonic
at +20dBmoutputlevel . ...... .. ... ... ... <=28dBC ... 81+
at +10dBm ... <=40dBe ... T
at0dBm ... e <=50dBe ... e T
Non-Harmonic Spurious Signals
Mixer Related
at +20dBmoutputievel ... ... . ... .. <—32dBC ... e S-1
atd dBmoutpuilevel .. ... ................ <—=55dBC ..... ... e T
Other Spurious Signals (see graph) (25°C =5°C)
{within 20 kHz)
FT<135MHz ... . . e —80dBC .. e S5-1
F=135MHz ... e [—60 +201og (f/135 MH2)1dBe .............. 5-1
0
~10
«20 41
-30 -+
§ /
— 4y~ ‘ : ///’
HE },f &
50 i Specified Parformance ; Vy ,-/_
- b — : .
Ll Typical I o :
abui e e £ AT
300 #Hz 3 MMz 30 MHz 300 MHz 3 Gz
Other Spurious Signals
Phase Noise {10 kHz offset from fundamental in 1 Hz bandwidths)
F<135MHz ... . ... —90dBG ... s e 3-1
f=136MHz . . [~90 +20 iog (/135 MHz)]dBe .............. S-1
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Table 1. HP 87538 Instrument Specifications (3 of 10}

RECEIVER
INPUT CHARACTERISTICS
Code
Frequency Range
Standard ... ... e 300kHzto3GHz ... ... 8-1*
Option D06 . ... ... . i i e 300kHztoB6GHz .......... .. ... S-1-
IMpedance - . ... .. e 50 ohms nominal
300kHzto2MHz ... L >20dBreturnioss ... e S-1
ZMH2ZtO2GHZ .. e >23dBreturnioss ... ... e S5-1
2GHz1O3GHZ . >20dBreturnioss ... e S-1
JGHztoB8GHZY ... >8dBreturnloss ........ ... . . o, T
Dynamic Range (70 Hz IF bandwidth)
A B
300kHzto3GHz . .......... ... .. .. ... 100dB .. . 8-1
3GHztoB6GHZ ... ... 95 dB ... S-1
A
300kHzto3GHz ....... ... ... .. .. 35dB S-1
3GHztoBGHz! ... .. 30dB ... e 5-1
MaximuminputLevel ... ........ ... ....... ... OdBmMm ... S-1
Damage Level ......... ... oiiiiiiiiiiia, +20dBmor =25 valts DC ... o T
Noise Level (A, B)
300 kHz to 3 GHz
3kHzIFbandwidth ...... ... ............... ~90dBmM S-1
WO HzIFbandwidth . ....................... =100 dBm .. e S-1
=10dBm ... T
3 GHz to 6 GHz?
SkHz IFbandwidth .............. ... ....... =85 dBM L e S-1
10Hz IFbandwidth ...... ... ... ... ... ..... =95 dBmM e 3-1
R T T
Minimum R Level
{requiired for source operation)
300kHzt03GHz .. ... . =35 dBmM e S-1
3GHztoBGHZY ... ... .. =30dBm . 5-1

1. Operation from 3 GHz 1o 6 GHz requires option 008. Operation from 3 GHz 1o 6 GHz in the normat network analyzer mode requires option G068
and an HP 85047A S-parameter test set.
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Table 1.

HP 87338 Instrument Specifications (4 of 10)

RECEIVER (Cont’d)

INPUT CHABACTERISTICS {Conti’'d)

Code
Input Crosstalk (710 Hz IF bandwidth) (see graphs)
J00KkHzto1GHz .......... .. ciciiine.n. —100dB ... .. e 8-1
1TGHzwo3GHz ... e =80 dB ... 8.1
I3GHzto45GH2ZT (... —82dB ... e S-1
45GHzto6GHzZY ... £ 21+ |~ T 8-1
£10 +100
7
g B 0 £
= £ z
= = .
g £
& 3
5 g 41
3 5
E 2
g 2
= %
2 8
2 &
[&] s
;:E =0 — g 201 / =
= Il' 13 Z
L — 4
¢ 10 ﬂ;::o 230 _40 ~50 ~60 70 30 30100 0 10 ~20 ~30 40 ~50 ~80 —70 ~80 ~20 100
Msasurement Receiver input in dB relative Measurement Recelver Input in dB relative
to maximum signat (0 dBm} at another to maximuen signal (O dBm) at another
input. nput.
input Crosstalk
Source Crosstalk (70 Hz IF bandwidth) ............ <—135dB ... T
Aeceiver Harmaonics {option 002)
2nd Harmonic
atQdBminputlevel ...... ... . ... .. .. . ...... e L= 1 =T+ O S-1*
at —10dBm ... e 3B ABC ... T
at —30dBm ... —45dBc ... T
3rd Harmonic
at0dBminputlevel ... ... ... ... i, =30dBC ... e e S-1*
at —10dBm . e =~B0dBC ... e T
at =30 dBm . e B ABG L e e e T
Harmonic Measurement Accuracy
16MHz 103 GHz ... . i e S-1
JGHzto6GH2Y ... .. 23dB .. e S-1
Harmonic Measurement Dynamic Range ........... —40dBc .. ... T

(with source at 0 dBm and receiver at < —30 dBm)

1. Cperation from 3 GHz to 6 GHz requires option 008, Operation from 3 GHz 1o § GHz in the normal network analyzer mode requires option 006

and an HP 85047A S-parameter test set,

20
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Table 1. HP 87538 Instrument Specifications (5 of 10}

RECEIVER (Cont’d)

INPUT CHARACTERISTICS (Coni’'d)

Frequency Offset Operation?.2 Code
Frequency Range .......... ... . iiiiiian iBMHztodGHz ... ... ... ol 5-1

R Channei Input Requirements
{required for phase-locked operation)

PowerlLevel ............. ... . . . cciiaiunce. 0to —38dBm ... .., S-1
LO Spectral Purity and Accuracy
Maximum Spuricus lnput ... . ... ... ..., <25 dBC ... e e T
Residual FM . ... ... ... ... . .. oviiint, <20kHz ... T
Frequency ACCUTECY ... ....iivaiarnnnrnion —1to +5 MHz of nominal frequency .......... T

Accuracy {see Magnitude Characteristics and Phase Characteristics)

External Source Mode23 (CW Time sweep only}

Frequency Range* ... .. ... innn.s B00kHzWOBGHZ ....... . ... .. ... S-1
A Input Requirements
Powerlevel ... .. ... .. ... . .. . i Oto —256dBm ... .. ... . e S-1
Spectral Purity
Maximum Spurious Input  ......... ... . ... <=30dBC ... ... e T
Residual FM ... ... .. . i i e { A T
Settling Time
AULD L e OO MS . e e T
Manual ......... .. ... ... ... L0 22 - P T
Frequency Readout Accuracy {auto} . .............. O e e T

input Fraquency Margin

Manual ... ... .. . . e ~08taS5MHz ... ... e T
Auto
=50MHz ... +5 MHz of nominal CW frequency ............ T
>B0MHzZ e +10% of nominal CW frequency ............. T

Accuracy {see Magnitude Characteristics and Phase Characteristics)3

1. The HP B753B RF source characteristics in this mode are dependent on the stability of the external LO source. The RF scurce tracks the LO to
maintain a stabie IF signai at the R channel receiver input. Degradation in accuracy is negligibie with an MP B642A/B or HP 86568 RF signal
generator as the 1.0 source.

2. Refer to Chapter 14 of the Operating and Programming Reference for a functional description.
. Measurement accuracy is dependent on the stability of the input signal,
4. Cperation from 3 GHz to 8 GHz requires option 004,

03
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Table 1. HP 8753B Instrumeni Specifications (6 of 10)

RECEIVER (Cont'd)

MAGNITUDE CHARACTERISTICS

Absolute Ampiitude Accuracy (A, B, R) (see graph)
{(with - 10 dBm into input, 25°C £ 5°C)

300 kMzto3GHZ ... e e =1.0dB e 8-1
AGHZIOB GH2ZY e H3.0dB ... S-1

. b Specified
Typicat et Performance
— Window

dB
o

1
L
(=]

300 kMz 3 MHz 30 MHz 300 MHz § GHz

Absoiute Amplitude Accuracy
Ratic Accuracy (A/R, B/R, A/B)?
(25°C x=5°C, with —10 dBm on all inputs)

300 kHzto3GHz ... ... e 0.8 AB ... e 841
BGHZIO B GHZY . e =20dB ... e e 5-1

Spacified
Typieai Pestormance
Window

28

300 kHz 3 Mz 30 Mz 300 MH2 6 GHz

o
o

Ratio Accuracy

1. Operation from 3 GHz to 6 GHz requires option 006. Operation from 3 GHz to 6 GHz in the normal network analyzer mode requires option 006
and an KP B5047A S-parameter test set.

2. Unnormalized
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Table 1. HP 8753B Instrument Specifications (7 of 10}

RECEIVER (Cont’d)

MAGNITUDE CHARACTERISTICS (Cont'd)

Code
Oisplay Resolution .. ....... ... .. oo Q.01 dBfdivision . ...... ... . i i 8-3
Marker Resolution® .. ... ... ... . .. ... i 0.001dB ... .. e 8-3
Dynamic ACCUracy (SE8 QraDR) . ... it i i i e e i m et i i i 5-1
(10 Hz bandwidth, inputs A and B; A to —35 dBm}
18
-3 e g e 340 § GHzZ
L =
.2 //‘/ 3 :_UI““<3GHI
£ AN
4] 4 g
E .83 ’,_/ - .55
- X -
> 3 -~ .2
5o e :
§ .2t \\ ,/ L otz
o X 1~
i - 5, .25 3
&
.@ez -.az
.es1 -8t
28 ia REF -i1g¢ -28 -38 -4 -5 ~5@ -8  -80
Measuremant Level {dB from REF:
Assumption; Reference Power Level = 20 dBm
Dynamic Accuracy (Magnitude)
Trace Noise (CWsweep) ... ... .. ... ..oiiviin.n. <0006dBrms ... .. ... 5-1
(A/R, B/R, A/B, at — 10 dBm, 3 kHz bandwidih)
Reference Level
RaRGE . e e e =800 dB .. e S-3
Resolution .. ... ... ... ... e iiiinnnanns 0001dB ... .. e S-3
Stability (300 kHzt03GHz) ... ... ... ... .. 0.01dB/degree C ... ... ... .. . . T
BtoBGHZ) ....... . ... 0.02dB/decrea C .. ... .. ... . i T
PHASE CHARACTERISTICS
(A/R. B/R, A/B)
RENGE .. i it e e 4 5-3
Display Resolution .. ... ... ... ... . O.04°(division .. ... .. s s-3
Marker Resolution ....... ... ... ... ..y, 0.01% e e e S-3

1. Marker resolution for magnitude, phase, and delay is dependent upon the vaiue measurad; resolution is limited to 5 digits.

HP 8753B Instrument Specifications
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Table 1. HP 8753B Instrument Specifications (8 of 10)

RECEIVER (Cont’d)

PHASE CHARACTERISTICS (Cont’d)

Frequency Response (deviation from linear) (see graph)

(with — 10 dBm into inputs, 26°C =5°C) _ Code
300kHzto3GHz ... .. 0 S-1
AGHzto6GHZY .. e b 2 U S 5-1

Specihed
Typicat Pertormance
G Windaw

Degrees

300 kHz 3 MHz 30 MHz 300 MHz & GHz

Frequency Response

Dynamic ACCUrACY (SBE GFaDN) . .. .. ittt s e v ittt e 8-1
(10 Hz bandwidth A/R, B/R, and A/B; R to 35 dBm)

L T S S —_
3to6GHz
22 R R e <3 GHz
o
L -
a - 4 N
- - - - .
) / _
1
F) /,/
0 /
g P ] e s
AN
a0 S\ e R
“ N e " —
|
L
.85
28 '8 REF 1@ -2@  ~3@  -4@ -~58 -89 -2 -@@
Measwursment lLevel (dB from REF:

Assumption: Reference Power Level = ~ 20 dBm

Dynamic Accuracy {Phase)
Trace Noise (A/R, B/R, A/B)

300 kHzto3GHZ ... ... e a1 0 L o o o T P S-1
FGHzto8GHZY . e <008  IMS L . e L |

1. Operation from 3 GHz 1o 6 GHz reguires option 006, Operation from 3 GHz to 6 GHz in the normal network anatyzer mode reguires Sption 006
and an MP B5047A S-parameter test set.
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Table 1. HP 8753B Instrument Specifications (9 of 10}

RECEIVER (Cont’d)

PHASE CHARACTERISTICS (Cont'd)

Code
Reference Level
Range ........ ... i i EB00° L e 5-3
Resolution . ... .. ... .. . . i 1 O 5-3
Stability
00 kHzto3GHz ... .. ... 0.068°%degree C ... ... ... ... . i T
3GHzo 6 GHzY ... .. 0.10°degree C . ... ... ... ... .. i T
POLAR CHARACTERISTICS
(A/R, B/R, A/B)
Range ... e 10 x 1012 up to 1000 units full scale .......... 5-3
Reference . ......... ... .ciiieieririnnonennns range of =800 units ... .. ... ... -3

GROUP DELAY CHARACTERISTICS

Group delay is computed by measuring the phase change within a specified frequency step {determined by the
frequency span and the number of points per sweep).

Aperture (sefectabie) .......... ... ... ... . . {frequency span){number of points —1} ........ 5-3
Maximum aperture . ......... ..ot 20% of frequency Span . ... ... ..o S-3
RaANge ... . e 12 x (1/minimum aperture) ... ....... .. ... .. 8-3

{The maximum delay is limited to measuring no more than 180°of phase change within the minimurm aperture.)

F e u - T 5-3
The following graph shows group delay accuracy at 3 GHz with an HP 85046A S-parameter test set with 7 mm full
2-port calibration and a 10 Hz IF bandwidth. Insertion loss is assumed to be <1 dB and electrical lfength to be 1

metrea.
R —— - = e
-
T
E o m
O
O R
a_-_-‘} 43 e
S -
—_
o & AN
g o
9 St
o
= 1@ ps T e
O
.4
)
i ps
18 kHz 198 kHz 1 MHz 18 MHz 2@ MMz
APERTURE

1. Operation from 3 GHz to 6 GHz requires option 006, Oparation from 3 GHz to § GHz in the normal network analyzer mode requires option 006
and an HP 85047A S-parameter test set,
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Table 1. HP 87538 Instrument Specifications (10 of 10}

RECEIVER (Cont’d)

GROUP DELAY CHARACTERISTICS {Cont'd)

In general, the following formuia can be used to determine the accuracy, in seconds, of a specific group delay
measurement

+(0.003 x Phase Accuracy (deg)) / Aperture (Hz)

Depending on the aperture and device length, the phase accuracy used is either incremental phase accuracy or worst
case phase accuracy. The graph on the previous page shows this transition.
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Table 2. HP B753B General Characteristics (1 of 3}

MEASUREMENT THROUGHPUT SUMMARY

Typical Time for Completion (ms)

The following table shows typical measurement times for the HP 87538 in milliseconds.

Number of Points
51 201 401 1601
Measurement
Uncorrected 75 150 255 900
1-port cal* 75 150 255 900
2-port cal2 350 980 1840 5500
Time Domain 110 500 1000 2500
Conversion 3
HP-IB Data
Transfer ¢
internal 20 20 20 20
ASCH 360 1350 2700 | 10,800
IEEE 754 floating
point format
32 bit 40 100 190 700
64 bit 80 290 560 2200

REMOTE PROGRAMMING

Interface
practices,

Transfer Formats

Binary (internal 48-bit floating point compiex format)
ASCH
32/64 bit IEEE 754 Floating Point Format

Interface Function Codes

SH1, AHt, T§, TEOQ, L4, LED, SR1, RL1, PPO, DC1, DT1, C1, C2, C3, €10, E2

HP-IB interface operates according to IEEE 4881978 and |EC 625 standards and 1EEE 728-1982 recommended

assumed off.

include bandswitch time. Time domain gating is assumed off.
3. Option 010 only, gating off,
4, Measured with an HP 9000 series 300 computer.

1. §11 1-port calibration, with a 3 kHz F bandwidth. Inciudes system retrace time, but does not include bandswitch time. Time domain gating is

2. 82t measurement with full 2-port caiibration, using a 3 kHz IF bandwidth. ncludes system retrace time and RF switching time, but does not

HP 8753B

Instrumemnt Specifications
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Table 2. HP 8753B Generol Characteristics (2 of 3}

FRONT PANEL CONNECTORS

O a4 40T Lo o type-N (female)
10T T0 £ T T o 50 ohms (nominal}
CONNECtOr Pin RECESSION . . ittt ittt et et e 0.201t0 0.207 in

REAR PANEL CONNECTORS

External Reference Frequency input (EXT REF INPUT)

Frequency

Level .....

.............................................. 1,2, 5, and 10 MHz {£200 Hz @ 10 MHz)
....................................................... 10 dBm to +20 dBm, typical

External Auxiliary Input {AUX INPUT)
Input Voltage Limits .. ... .. e

Externai AM Input (EXT AM} ‘
#+1 volt into a 5k ohm resistor, 1 kHz maximum, resulting in 8 dB/volt amplitude modulation.

External Trigger (EXT TRIGGER)
Triggers on a negative TTL transition or contact closure to ground.

External Trigger Circuit

P e e e +
I +58Y {
¥ i
! % . TO SWEEP
EXT TRIGAER — d——poboted > TR GGER
r ? " CIRCUITRY
3 t
f f
b oo o s e o s o «
LINE POWER
47 to 63 Hz

118V nominal (30V to 132V) or 230V nominal (198 to 264V), 280 VA max,

PROBE POWER

..................................... 400 mA (combined load for both probe connections)
=128V 8% L e e 300 mA {combined load for both probe connections)

...... 50 ohms

- 10V to +10V

28
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Table 2. HP 8753B General Characieristics (3 of 3)

ENVIRONMENTAL CHARACTERISTICS

Operating Conditions

Temperature (Unfess otherwise noted) .. . . e e e 0° 10 B5°C
Humidity . .. e 5% to 95% at 40°C (non-condensing)
ARG ... i i i e e e e 0 to 4500 meters (15,000 feet)

Non-Operating Storage Conditions

=T 11T = - Y ~40°C to +70°C
Humidity ... e 0 to 90% reiative at +65°C (non-condensing)}
F {1 (T 1= 0 to 15,240 metras (50,000 feet)
WEIGHT

NEt e e e e e e 22 kg (48 1b)
LT o7 w12 T U 25 kg (55 b}

CABINET DIMENSIONS

177 mm H x 425 mm W x 497.8 mm D
{7.0 x 16.75 x 20.0 in) _
(These dimensions exclude front and rear panet protrusions.)

TOP

s 425mm (16.75 0.} ——ti} pl——e 97 B MM {20.0 i1} oo}

177 mm

—T {7.1 in

2 000

REAR
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System Performance

INTRODUCTION

The HP 8753B system performance depends not only on the performance of the individual instru-
menis, but also on the system configuration; the user-selected operating conditions, and the meas-
urement catibration.

This section explains the residual errors remaining in a measurement system after accuracy enharice-
ment. It provides information 10 calculate the totai measurement uncertainty of different HP 87538
systems. Graphs at the beginning of the section show exampies of the performance that can be
calculated using the methods explained in this section.

The sources of measurement errors are explained, with an error model flowgraph and uncertainty
equations. Information is provided for conversion of the dynamic accuracy error {in dB) 1o a linear
value for use in the uncertainty equations. The effects of temperature drift on measurement uncer-
fainty are illlustrated with graphs. '

System specification tables are provided for an HP 8753B 7 mm system using an HP 85046A, 85044A,
or 85047A test set. Typical system performance tabies are given for 50 ohm type-N and 3.5 mm
systems, and for 75 ohm type-N systems using the HP 850468 and 850448 test sets.

Procedures and blank worksheets are supplied to compute the total error-corrected measurement
uncertainty of a system. These procedures combine the terms in the tabies, the uncertainty equations,
and the nominal S-parameter data of the device under test.

COMPARISON OF TYPICAL ERROR-CORRECTED
MEASUREMENT UNCERTAINTY

Figures 3 through 10 are examples of the measurement uncertainty data that can be calculated using
the information provided in this section. These figures compare the reflection and transmission meas-
urement uncertainty of a 7 mm system using different leveis of error correction. Each figure shows
uncorrected values and residual uncertainty values after response calibration, response and isolation
calibration, and full one or two port calibration. The data applies to a frequency range of 300 kHz to 3
GHz with a stable temperature (no temperature drift), and using compatible 7 mm calibration devices
from the HP 85031B calibration kit.

The results graphed in Figures 3 through 10 ¢an be obtained using the HP 85046A, 85044A, or 85047A
test sets up to 3 GHz. Different measurement calibration procedures provide comparable measure-
ment improvement for the following compatible connector types and test sets (using the compatible
calibration kits):

50 ohm type-N connectors

3.5 mm connectors

HP 85047 A test set from 3 GHz to 6 GHz (with HP 87538 option 006)
HP 850468 and 850448 with 75 ohm type-N connectors

HP 8753B System Performance 31



Reflection Uncertainty of a Cne-Port Device

Assumptions: Reference Power Level = —20 dBm
S21 = §12 = { {one-port device only)
Lncorractad - « o + o
Response ------+ .-
Response and solation « —» = wm

Full one or two port

.5
A -
I VA
@ A
c ‘/’ -
- -
- P P
e e
- /'/ _ d
+ s -~
5 L -
g R -1
e g e
3 . e -
et -~
-
4ﬁﬁ55 -
e ot "
-
T3 .2 o4 .6 B 1
511 Retfiection Coefficient
Figure 3. Total Reflection Magnitude Uncertainty
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3
\m
g L2 .4 .5 .8 ]
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Figure 4. Total Reflection Phase Uncertainiy
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Reflection Uncertainty of a Two-Port Device

Assumptions: Reference Power Level = —20dBm
821 = 512 = 0.5 (6 dB insertion loss device)
Uncorrectad — « v o
R33p0ﬂ33 .........
Response and 1S0laton «— s v oo oo

Full one or two port -

w

/’ .
-
; ;/ P
g ‘//’ .N-" )
- ,/ 1. /
o 3 . |
i~ / “
w . ‘/
C - - o
I} 2 | | '
| ’ -~ et
Z - r.‘u.ﬁ-q
| e ‘ ~
:3 | e
fp” e -
- - -
e -~
hewer -~ -
a
e .2 .4 t .8 !

G111 Reflection Coefficient

Figure 5. Total Reflection Magnitude Uncertainty
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Figure 6. Total Reflection Phase Uncertainty
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Transmission Uncertainty of a Low-Loss Device

Assumptions: Reference Power Levei = —10 dBm
811 = 8§22 = 0.1
Uncorrected = = wm = o=
Responsg - ------

Regponse and Isolation «—— — o
Full one or two port

za
19
5
p 2
-
H
> =
» B
o 3
o
-
“ -4
a
Q
¢ L1
3
.3
@2
.81
REF -18 -28 -32 -4 ~5g
S21 Insertion Loss (dB)
Figure 7. Total Transmission Magnitude Uncertainty
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>
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C
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.2
1
REF -12 -22 -3m -40 -5a

S21 Imsertion Loss (dB)

Figure 8. Total Transmission Phase Uncertainty
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HP 87538

Transmission Uncertainty of a Wide Dynamic Range Device

Uncertainty {(dB3}

(Deg)

Uncertainty

.35

.az

.21

Assumptions: Reference Power Level = 0 dBm
811 = 822 = 0.1

Uncorractad we « —w « w

HGSpOﬁSB .........

Response and 1SOIaHORN s we wme e e
Full one or two port

2a

i o=t

N T
NI

REF -1@ -2@0 -39 -4 -5 -s@ -7@ -8@ -9B 198
S21 Inmsertion Loss (dB)

Figure 9. Total Transmission Magnitude Uncertainty
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821 Insertion Loss {(dB)

Figure 10. Total Transmission Phase Uncertainty
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SOURCES OF MEASUREMENT ERRORS

Network analysis measurement errors can be separated into systematic, random, and drift errors.
Refer to chapter 5, Measurement Calibration, for a detailed description of the systematic errors cor-
rected by the HP 8753B accuracy enhancement calibration procedures. in addition to the errors
removed by accuracy enhancement, other systematic errors exist that, combined with random and
drift errors, also contribute to total system measurement uncertainty. Therefore, after accuracy
enhancement procedures are performed, residual measurement uncertainties remain.

Systematic Error Sources

Residuai {post-calibration) systematic errors result from imperfections in the calibration standards,
the connector standards, the connector interface, the interconnecting cables, and the instrumenta-
tion. All measurements are affected by dynamic accuracy, effective switch port match, switch track-
ing, and frequency error effects. For reflection measurements, the associated residual errors are
effective directivity, effective source match, and effective reflection tracking. For transmission meas-
urements, the additional residual errors are effective crosstalk, effective load mateh, effective trans-
mission tracking, and cable stability.

Random Error Sources

Non-repeatable measurement variations occur due to trace noise, noise floor, and connector repeat-
ability. These errors affect both reflection and transmission measurements.

Drift Error Sources

Drift error sources fall into two basic categories: frequency drift and instrumentation drift. Primary
causes for instrumentation drift are the thermal expansion characteristics of the interconnecting
cables within the test set, and the conversion stability of the frequency converter within the receiver.
These errors affect both reflection and transmission measurements.

36 System Performance HP 8753B



SYSTEM ERROR MODEL

Any measurement result is the vector sum of the actual test device response plus all error terms, The
precise effect of each error term depends upon its magnitude and phase relationship to the actual test
device response. When the phase of an error response is not known, phase is assumed to be worst
case (0 or 180 degrees). Random errors such as noise and connector repeatability are generally
combined in a root-sum-of-the-squares (RSS) manner. The error term retated to thermal driftis com-
bined on a worst-case basis as shown in each uncertainty equation given in the following paragraphs.

Figure 11 illustrates the error model for the HP 8753B with the HP 85046A or 85047A S-parameter test
set. This error model shows the relationship of the various error sources in the forward direction, and
may be used to analyze overall measurement performance. The model for signal flow in the reverse
direction is similar. Note the appearance of the dynamic accuracy, noise errors, switch errors, and
connector repeatability terms in both the reflection and transmission portions of the modei.

TR i
5, o P e : . |
By *9ay i l
[ 8, i |
ey ¥8ag { |
! i
" © 194 - " T ! v ' .
BT Ty LAUTRAM 3_ Sz ": RALTPREI !
FORT 1 OEVICE UNDER TEST PORT 2
R e
!
A = Dynamic Accuracy D = Residual Directivity
(A,, = Magnitude Dynamic Accuracy)
(A, = Phase Dynamic Accuracy)
N, = Noise Floor M, = Residual Source Match
Np, = High Level Noise M, = Residual Load Match
T = Switch Repeatability (Transmission) C = Residual Crosstalk
Mg, = Switch Repeatability (Reflection) T, = Residual Reflection Tracking
R, = Reflection Repeatability T, = Residual Transmission Tracking
R, = Transmission Repeatability S, = Cable Reflection Stability
T.q = Reflection Tracking Drift S, = Cable Transmission Stability
T,y = Transmission Tracking Drift

Figure 11. HP 8753B/85046A/85047A System Error Model

For measurement of one-port devices, set the crosstalk (C), load match (M), transmission tracking
(T, port 2 connector repeatability (R,,, Ryp), and port 2 cable stability (S,,, Sy,) error terms to zero.

I the tables of specifications and typical systemn performance, the effects of switch repeatability are inctuded in the terms for source maich, load
match, reflaction tracking, and ransmission tracking.
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REFLECTION UNCERTAINTY EQUATIONS

Total Reflection Magnitude Uncertainty (E,, )

An analysis of the error model yields an equation for the reflection magnitude uncertainty. The equa-
tion contains all of the first order terms and the significant second order terms. The error term related
to thermal drift is combined on a worst case basis with the total of systematic and random errors. The
four terms under the radical are random in character and are combined on an RSS basis. The terms in
the systematic error group are combined on a worst case basis. In all cases, the error terms and the S-
parameters are treated as linear absclute magnitudes.

E,n (linear) = V, + 811 x T4 (magnitude); and
E.. (log) = 20 log (1 + E,/S11)
where

=8, + VWR + X2+ Y2+ 2Z2

\

r

8, = systematic error = D + S, + T, x 811 + (M, +8,;) x 5112 + M; x 821 x §12 + A, x 511
W, = random low-level noise = 3 x N,

= ragndom high-level noise == 3 x N;, x S11

r

= random port 1 repeatability = R,y + 2 x Ry x S11 + R, x 5112

r

, = random port 2 repeatability = R, x $21 x $12

NO< X

Total Reflection Phase Uncertainty (_E,p)

Reflection phase uncertainty is determined from a comparison of the magnitude uncertainty with the
test signal magnitude. The worst case phase angle is computed. This result is combined with the error
ferms related to thermal drift of the totai system, port 1 cable stability, and phase dynamic accuracy.

E,, = arcsin ((V, — A, x S11) / 811) + T, (phase) + 28, + A,
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TRANSMISSION UNCERTAINTY EQUATIONS

Total Transmission Magnitude Uncertainty (E,,,)

An analysis of the error model in Figure 11 yields an equation for the transmission magnitude uncer-
tainty. The equation contains alt of the first order terms and some of the significant second order
terms. The error term related to thermal drift is combined on a worst case basis with the total of
systematic and random errors. The four terms under the radical are random in character and are
combined on an RSS basis. The terms in the systematic error group are combined on a worst case
basis. In all cases, the error terms are treated as linear absoluts magnitudes.

E,. (linear) = V, + 821 x T 4 (magnitude); and
B (log) = 20 log (1 = B, / S21)
where

V=S + VW2 + X2+ Y2+ Z2

S, = systematic error = C + T, x 821 + (Mg + S, ) x S11 x 821 + (M, + S,5) x 821 x 822 + A, x
- 821

W, = random low-level noise = 3 x N,
X, = random high-level noise = 3 x N, x S21

Y, = random port 1 repeatability = R, x 821 + R,, x $11 x 821

N
i

= random port 2 repeatability = R, x 521 + R, x 522 x 521

Total Transmission Phase Uncertainty (E, )

Transmission phase uncertainty is calcuiated from a comparison of the magnitude uncertainty with
the test signal magnitude. The worst case phase angle is computed. This result is combined with the
error terms related to phase dynamic accuracy, cable phase stability, and thermal drift of the total
system.

Ei, = arcsin ((V, — A, x 821) / §21) + Ty (phase) + S, + Sy + Ay

HP 87538 System Performance
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DYNAMIC ACCURACY

The dynamic accuracy value used in the system uncerfainty equations is obtained from the HP
8753B's dynamic accuracy specifications, The specification for magnitude dynamic accuracy is in dB,
and it must be converted to a linear value to be used in the uncertainty equations. In addition, the HP
8753B's dynamic accuracy specifications are given for an absolute input signal in dBm, and must be
converted to a relative error {relative to the power at which the accuracy enhancement caiibration
occurs) to be used in the system uncertainty equations.

Dynamic Accuracy (linear) = 1ol"PYMAccd®i20)
10(-E}ynAcc(dB)/20) 4

Dynamic Accuracy (dB) = 20"log(1 + Dynamic Accuracy (linear)}
Definitions
Pcal = the calibration (thus the reference) power level at the instrument input port (A or B) {i.e.

when the short is measured in a reflection calibration OR when the thru is measured in a
transmission calibration)

Pmeas =  the measured input signal (dBm) when the DUT is measured
Residual dynamic accuracy = the residual error remaining when Pmeas = Pcal

Linacc =  relative dynamic accuracy (linear magnitude or phase) for the ratioed measurement
used in the linear system performance calculation

Lincal = dynamic accuracy (linear magnitude or phase) term for single input at Pcal

Linmeas = dynamic accuracy (linear magnitude or phase) term for single input at Pmeas

Determining Relative Dynamic Accuracy Error Contribution

The example given hare shows how to determine the relative dynamic accuracy error contributionto a
measurement in a ratio mode. Six example graphs are provided: Figures 12 and 13 show the worst-
case magnitude and phase dynamic accuracy error with a reference power level of 0 dBm, Figures 14
and 15 with a reference power level of —20 dBm, and Figures 16 and 17 with a reference power level of
—60 dBm.

Assume R channel power level to be constant (Pcal = Pmeas)

Example: 0 dBm=Pcal= —~60 dBm {magnitude)
0 dBm=Pcal=—50 dBm (phase)
/ N

0 dBmz=Pmeasz —60 dBm (magnitude} —60 dBm=Pmeas=— 100 dBm (magnitude)

0 dBm=Pmeasz= —50 dBm (phase) —50 dBmz=Pmeas= —100 dBm (phase)
Linacc = ABS (Lincal — Linmeas) Linacc == Lincal -+ Linmeas
-+ Residual - Residual

Residual Magnitude Dynamic Accuracy (lineary = 0.00577
Residual Phase Dynamic Accuracy = (.331 degrees
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HP 8753B
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Figure 13. Worst-Case Phase Dynamic Accuracy Error
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Dynamic Accuracy Error Contribution
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EFFECTS OF TEMPERATURE DRIFT N

Figures 18 to 21 are graphs showing the effects of temperature drift on error-corrected measurement
uncertainty values. Values are shown for changes of +3°C and = 5°C from the ambient temperature.
Figures 18 and 19 show total refiection magnitude and phase uncertainty with temperature drift follow-
ing an S$11 one-port calibration. Figures 20 and 21 show total transmission magnitude and phase
uncertainty with temperature drift following a full two-port error correction. The graphs apply to
measurements up to 3 GHz.
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Temperature Drift with S11 One-Port Calibration
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46

Temperature Drift with Full Two-Port Calibration
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SYSTEM PERFORMANCE WITH DIFFERENT TEST SETS AND
CONNECTOR TYPES

The tables in the following pages provide system specifications or typical system performance for HP
8753B systems using different fest sets and different connector types. The values listed are for
uncorrected measurements and for corrected measurements after accuracy enhancement.

Table Connector Test Set Frequency Range
3 7 mm HP 85046A, 85044A, 85047A 300 kHz to 3 GHz
4 7 mm HEP 85047A 3 GHz to 6 GHz
5 50 ohm type-N HP 85046A, B5044A, B5047A 300 kHz to 3 GHz
6 50 ohm type-N HP 85047A 3 GHz to 6 GHz
7 3.5 mm HP 85048A, 85044A, 85047A 300 kHz t0 3 GHz
8 3.5 mm HP 85047A 3 GHz to 6 GHz
9 75 ohm type-N HP 850468, 850448 300 kHz to 2 GHz

Tables 3 and 4 provide specifications for HP 8753B 7 mm systems. Error correction was performed
using precision devices from the HP 85031B 7 mm calibration kit. Data listed in the columns headed
Residuals After Accuracy Enhancement was measured accurately at the factory with standards tracea-
ble to the National Bureau of Standards. These residuals can be verified only at the factory (USA).
Aggregate system performance after accuracy enhancement can be verified using the HP 85029B
7 mm verification kit and the System Verification procadure in the On-Site System Service Manual.

Tables 5 through 9 provide typical performance figures for other HP 87538 systems. These are not
specifications, but are intended to provide information useful in applying the instrument by giving
typical but non-warranted performance parameters. Error correction for these systems is performed
using the compatible calibration kits listed in General Information.

NOTE: Tables 3 through 9 are generated with the HP 8753B in chop A and B sweep mode. Refer to
Calibrate More Menu in Chapter 5 for details.

HP 87538 Systemn Performance

47



Tobie 3. System Specifications for Devices with 7mm Connectors
HP 87538 with HP 850464, 850444, or 85047A Test Set, up to 3 GHz

Uncorrected Residual afler Accuracy Enhancement . 2
Symbal Error Terms Response Only Response and Isolation One-Pori Full Two-Port 2
1] Lisiear d8 Lisiear dB Lingay a8 Linear dB Linear
3] Directivity -~30 0.032 - 30 0.032 -504 | 0.0032 -5 0.0032 50 0.0032
M, | Source Match s —~168 0.16 w168 0.16 w16 G.16 -4 0.01 ~4) 40
M, | Load Matchs —1687 0167 -1867 | (167 -~167 | 0167 - —_— ~42 0.005
. ) +0.187 +157 +1.37
T, | Refiection Tracking 5 ®157 0167 | —187 0.197 157 0167 | 005 | 0008 =008 | 00086
; 7
Ty | Transmissicn Tracking 5 +157.8 jg}g ; {+0207| 00267 | £0.207 | 0.0287 — - £0.03 | 0.0035
C Grosstalg —907 [ 0.0006327 1 —807 {0.000032| ~10C% | 0.00001 — — ~100 % 1 0.00001
Port 1 Reflection Connector )
Ry Repeatability (Typical) —70 4B or 0.00032 lingar
Port 1 Transmission Connector .
Ry Repeatability (Typical) —70 dB or 0.00032 linear
Port 2 Refiection Connector .
Ry, Regeatability (Typical) — 70 a8 or 0.00032 linear
Part 2 Transmission Connector .
Ry Repeatability {Typica!) - 70 dB or 0.00032 linear
Low-Level Noise _
Ny (Noise Flgor) 100 dBm
Ny | High-Level Noise 10 Magnitude:  0.004 dB or G.00046 linear
HP 87538 Magritude
Am,Ap and Phase Dynamic Refer (o "Dynamic Accuracy™ in this section
Accuracy Error
Port 1 Cable Transmission
Sy Phase Stapility 17 1551 .05 x f(GHz), degrees
S, g;’a”b;ﬂgaﬁe Reflection ~70 4B or 0.00032 linear
Port 2 Cable Transmission
Sy Phase Stability 1 (.05 x f(GHz), degrees
Se gfa';éﬁtji’fe Reflection 70 4B or 0.00032 linear
T Transmission Tracking Drift Magnitude:  0.0015 x A°C, lingar
W (Typical) Phase: [0.1 + 0.15 x f(GHz}] x A°C, degrees
T Reflection Tracking Drift Magnitude:  0.0015 x A°C, linear
1 (Typical) Phase: 12 [0.1 + 0.15 x f{GHz)] x A*C. degrees

1. Accuracy enhancement procedures are performed using HP 836318 7 mm calibra-
tign kit. Environmental temperature is 25°C £ 5°C at calibration: +1°C from calibration
temperature must be maintained for valid measuremant calipration.

2. With IF bandwidth of 10 Hz

3. One-path 2-port calibration with HP 850444,
4, With impedance-matched logd,

3. Includes effects of switch repeatability.

6. Applies ever most of the frequency range. Refer to test set manuai for defailed
spacifications.

7. Typical.

8. HP 85044A typically has a +6 d8 offset,
9. Typically, crosstalk after accuracy enhancement is ~ 110 dB,

10, High-lavel noise is tha BMS of a continuous measurement of a short circult or thru,
Refer to the trace noise performance test.

1. Arrived at by bending HP 118570 cables out perpendicular to front panel and
recennecting. Stability is much better with fess flexing.

2. Arrived at using HP 118570 cables and full 2-port calibration, Drift is much better
without cablas and with 1-port calibration, For this case, drift typicaily s [0.1 + 0.05x
fiGHz}] x A°C, degrees.
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Tabie 4. System Specifications for Devices with 7mm Conneciors
HP 87538 with HP 85047A Test Set, 3 GHz to 6 GHz

Residual aiter Accuracy Enhancemsnt ¥ 2

Uncarrected
Symbat Errer Terms Response Cnly Response aad isolation One-Port Full Two-Port
) 4B Linear [i: ] Linear 4B Linear dB Linear [ Linear

D Directivity -25 0.06 —25 0.06 44 3 0.006 — 44 0.0032 —44 0.008
Ms Source Match ¢ —14 0.20 ~14 (.20 - 14 0.20 —36 0.01 - 36 0.016
M% l.oad Match 4 —14% 0.205 145 0,265 -4 5 0,205 — — —42 ¢.068

) . +0.58 +0.06% +20 5 +1.8 5
T, | Refection Tracking 255 | 0958 26 0.26 -19 0.20 +0.06 | 0007 | =006 ; 0.007

o ) +05% +0.06 5%
Ty | Fransmission Tracking 4 955 | —po5s +0358% | 0045 | =0355: 0.04% — - =005 | 0.008
¢ Crosstalk -0 5 0.0601 5 —805 0.0001 —808 10.000032 - — -G} 8 [0.060032

R Port 1 Reflection Connector
™t 1 Repeatabitity (Typical)

— 70 dB or 0.00032 lingar

R Port 1 Transmission Cornector
1 | Repeatability {Typical}

—70 dB or 000032 lingar

R Part 2 Reflection Connector
2 | Repeatability {Typical)

— 70 dB or 000032 linear

] Port 2 Transmission Connecter
22| Repeatability (Typical)

—70 dB or 0.00032 finear

N Low-Level Noise
P | (Noise Floar)

—~85 dBrn

Ny | High-Level Noise 7

Magnitude: ¢.004 dB or 0.00046 linear

HP 8753B Magnitude
and Phase Dynamic
Accuracy Error

Refer 10 “Dynamic Accuracy” in this section

S Port 1 Cable Transmission
1| Phase Stability 8

0.05 x f{GHz), degreas

S Port 1 Cable Reflaction
™| Stability 8

— 70 dB or 0.00032 linzar

S Port 2 Cable Transmission
2| Phase Stability 8

0.05 x f{GHz), degrees

3 Port 2 Cable Reflection
2| Stability 8

—70 dB or 0.00032 lingar

T Transmission Tracking Drift
1 (Typical)

Magnitude:  0.0015 x A°C, linear
Phase: [0.1 + 0.15 x {{GHz)] x A°C, degrees

T Reflection Tracking Drift
4§ (Typical)

Magnitude:  0.0015 x A°G, linear
Phase: ¢ [0.1 -+ 0.15 x f{GHz)] x A°C, degrees

temperaiure must be maintamed for valid measurement calibration.
2. With iF bandwidth of 10 Hz.

3. With impedance-matched load.

4. Includes effects of switch repeatability.

5. Typical.

1. Accuracy enhancement procedures are performed using HP 850318 7 mm calibra- 6. Typically, crosstalk after accuracy enhancement is — 100 d8.
tion ki, Environmentai temperature is 25°C = 5°C at calibration: + 1°C from calioration 7, High-ievel noise is the RMS of 2 continuous measurerment of a short gircuit or thry,

Refer to trace noise parformance test.

8. Arrived at by bending HP 11857D cables out perpendicular to front panet and recon-
necting. Stabiiity is mugch better with less flexing.

9. Arrived at using HP 118570 cables and fuil 2-port calibration. Drift is much better
without eables and with 1-port calibration, For this case, drift typically is {0.1 + 0.05 x
H{GHz)] x A°C, degrees.

HP 87538
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Tabie 5.

Typical System Performance for Devices with 50 Ohm Type-N Connectors

HP 8753B with HP 85046A, 85044A, or 85047A Test Set up to 3 GHz

Uncorrested Typical Residual after Accuracy Enhancement -2
Symboi Error Terms Respanse Only Response and isolation Gne-Port Full Two-Port 3
4B Linear 48 Linear iB Linear dB Lingar B Linear
] Diractivity -30 0.032 - 30 0.032 —444 | 00063 —44 (.0063 —44 0.0083
M, | Source Match 5 —168 0.18 -6 0.18 —16 0.16 -35 0.018 -35 0.018
M Load Match § 16 8 0.16 —~168 0.18 -16 0.16 e e —42 0.008
T, | Refiection Tracking s c15 | T8 IS g L P 0y | soos | o007 | 006 | 0007
—0.16 —-1.8 —-186
T, Transmigsion Tracking 5 #1557 :g;g +020 | 0026 +0.20 | 0026 — - +0.05 0.006
C Crosstalk —90 04.0000632 ~80 10.000032 | ~100% | 0.00001 — — -~ 1008 | 0.00001
Port 1 Refiection Connector .
Ry | n epeatability {Typical) 65 4B or 0.00056 tinear
Port 1 Transmission Connector .
Ry Repeataoility (Typical) 85 dB or 0.00056 finear
Port 2 Reflection Connector )
R, Repeatability (Typical) 65 dB or 0.00056 iinear
Port 2 Transmission Connector .
Ry Repeatability (Typical) 65 ¢B or 0.00056 finear
Low-Level Noise
Ny (Noise Fioar) 100 dBm
Ny | High-Level Noise ® Magritude:  0.004 dB or 0.00046 linear
HP 87538 Magnitude
Am.A, | and Phase Cynamic Refer to “Dynamic Accuracy” in this section
Accuracy Error
Pert 1 Cable Transmission
Siy Phase Stabiity 10 0.05 x f(GHz), degrees
Port 1 Cable Reflection )
S Stability 0 - 70 48 or 0.00032 linear
Port 2 Cabie Transmission
Sy Phase Stabilty 0 0.05 x 1{GHz), degrees
Port 2 Cable Refiection )
Sy Stability 10 —70 dB or 0.00032 linear
T Trangmission Tracking Drift Magnitude:  0.0015 x A°C, linear
| (Typical} Phase: [0.1 + 0.15 x f{GHz}] x A°C, degrass
T Reflection Tracking Drift Magnitude:  0.0015 x A°C, linear
@ {Typical) Prase: 11 0.1 + 0.15 x HGHz)] x A°C, degrees

1. Accuracy enhancement procedures are performed using HP 85032B 5062 type-N
calibration kit. Environmentai temperature is 25°C +5°C at calibration: +1°C from
calibration termperature must be maintained for valic measurement calibration.

2. With IF bandwidih of 10 Hz.

3. One-path 2-pert cakibration with HP 850444,
. Wih impedance-matched load,

. inclugdes effects of switch repeatability,

. Applies over most of the frequency range. Refer to lest set manual for detailed
specifications.

[o N ) BN

7. HP 850444 typically has a -6 dB offset.
8. Typicaily, crosstalk after accuracy enhancement is —11G dB.

9. High-levet noige is the RMS of a continuous measurement of a short circuit or thru.
Refer to the trace noise performance test.

10. Asrived at by hencing HP 118570 cables out perpendicular to front panel and
reconnesting. Stability is much better with less flexing.

11, Arived at using HP 118570 cables and full 2-port calibration. Dt is ruch better
without cables and with 1-port calibration. For this case, drift typically is [0.1 + 0.05 x
f{GHIH x A°C, degrees.
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Table 6.

HP 87538 with HP 85047A Test Set, 3 GHz to 6 GHz

Typical System Performance for Devices with 50 Ohm Type-N Connectors

Typical Residuai atter Accuracy Enhancement ¥ 2

Uncorrected
Symboi Errar Terms Response Only Response and isoiation One-Port Full Two-Port
4B Linear dB Linear 48 Linear d8 Linear 4B Linear
D | Dirsctivity -5 (.06 -25 0.08 —403 | 0.0 —4() 0.01 ~48 0.01
M, | Source Match 4 - 14 0.20 —14 0.20 —14 0.20 -~32 0.025 —32 0.025
M, | Load Match4 —14 &.20 —14 .20 ~14 0.20 - - -38 | 0013
. . +0.5 +0.06 +20 +1.7
4
T, | Reflection Tracking 25 0.5 26 .26 20 0.21 £0.12 | 04 | £0.42 | 0.044
T, | Transmission Tracking 4 tgg iggg =036 | 0.04 +035 | 0.4 - - +0.06 | 0.007
C Crosstalk —80 00001 —80 0.0001 —4905 10.0060032 —_ — ~9G5 [0.000032
Port 1 Refiection Coanector .
By Repeatability (Typical) —65 dB ar 0.00056 linear
Port 1 Transmission Connector .
Ry Repeatability (Typical) —85 dB or 0.00056 linear
Port 2 Aefiection Connector .
R Repeatability (Typical) —85 dB or 0.00056 linear
Port 2 Transmission Cennector .
Re | g epeatabilty (Typical) -85 dB or 0.00056 linear
Low-Lavel Noise _
Ny {Naise Figar) 95 ¢bm
Nn High-Level Noise § Magnitude: 0.004 dB or 0.00046 finear
HP 87538 Magnitude
A, Ay | and Phase Dynamic Refer to “Dynamie Accuracy” in this section
Accuracy Error
Port 1 {able Transmission
Sy Phase Stabitity (.05 x f(GHz), degrees
Port 1 Cable Reflection )
S Stabiity 7 — 76 dB ar 0.00032 linsar
Port 2 Cable Transmission
S Phase Stabillty 7 0.05 x f(GHz), degrees
Port 2 Cable Refiection )
S Stabilty 7 ~76 dB or 0.00032 linsar
T Transmission Tracking Drift Magnitude: 0.0015 x A°C, linear
@ | (Typical) Phase: [0.% + 0.15 x f(GHz)] x A°C, degrees
T Reflection Tracking Drift Magnitude: (.0015 x A°C, linear
| (Typical) Phase:8 [0.1 + .15 x f{GHz)] x A°C. degrees

1. Accuracy enhancement procadures are performed using HP 850328 50Q type-N
calibration kit. Environmental temperature is 25°C +5°C at calibration: = 1°C from
calibration temperature must be maintained for valid measurement calibration.

2. With IF bandwidth of 10 Hz.

3. With irmpedance-matched ioad.

4. incluges effects of switch repeatability.
5. Typically, crosstatk after accuracy enhancement is — 100 dB.

7. Arrived at by bending HP 118570 cables out perpendicular to front panel and recon-

6. High-level noise is the RMS of a continuous measurement of a short circult or thru,
Refer to trace noise performance test.

necting. Stabitity is much better with less flexing.

8. Arrived at using HP 11857D cables and full Z-port calibration. Drift is much better
without cables and with 1-port calibration. For this case, drift typically is 0.1 + 0.05 x

f{GHzi x A°C, degrees.
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Table 7. Typical System Performance for Devices with 3.5 mm Connectors
HP 87538 with HP 850464, B50444A, or 85047A Test Set up to 3 GHz

Uncorrecied Typical Residual after Accuracy Enbancarment * 2
Symbol Errer Terms Respanse Only Response and isolation One-Port Full Two-Port 2
[i}:] Linear 8 Linear dB Linear 1] Linear i3 Linear
D Directivity - 30 0.032 -~30 0.032 — 40 ¢ 0.01 ~—49 0.01 w4 0.01
MS Source Match & 16 & 0.1g —~168 018 - 16 0.16 --36 G.015 - 38 a.015
M, Load Mateh 8 —166 0.16 —16¢8 0.16 —16 0.16 - — - 38 oz
. ) +(.19 +1.5% +1.3
§
T, | Reflection Tracking +1.5 046 183 0.19 18 0.17 =014 | G016 =014 | 0.6
- . +0.19
T Transmission Tracking & +157 +0.2 0.026 +0.20 0.026 — - +005 | 0.006
t 0,16
C Crosstalk - 80 0.000032 —896 [0.000032 | —1008 | 0.00001 - — -1308 | 0.00001
Port 1 Reflection Connector .
Rn Repeatability (Typical) —70 dB or 0.00032 lingar
Port 1 Transmission Connector .
Ry Repeatability (Typical) - 70 6B or 0.00032 linear
Port 2 Reflection Connector .
R, Repeatability (Typicai) 70 ¢B or 0.00032 linear
Part 2 Transmission Connector )
Re Repeatabiliy (Typical —70 dB or 0.06032 linear
Low-Level Noise
N, {Noise Floor) 100 oBm
Ny, | High-Level Noise ¢ Magnitude:  0.004 ¢B or 9.00046 finear
HP 87538 Magnitude
Am,AD and Phase Dynamic Refer to “Dynamic Accuracy” in this section
Accuracy Error
Port 1 Cable Transmission
Sy Phase Stabilty 0.05 x f(GHz), degrees
S | sopnre ~70 dB or 0.00032 linear
Port 2 Cable Transmission
e Phase Stabilty 10 0.05 x §GHz), degrees
| )
g, | Fort2 Cable Refiection ~70 dB or 0.00032 linear
Stabiity 10
T Transmission Tracking Drift Magnitude: 0.0015 x A°C linear
& {Typicai) Phase: 0.1 + 0.15 x f(GHz)i x A°C, degrees
T Reflection Tracking Drift Magnitude:  0.0015 x A°C linear
| i Typica) Phase: 11 [0.1 + G.15 x H{GHz}] x A°C. degress
1. Accuracy enhancerent procedures are perfermed using HP 85033C 3.5 mm caiibra- 7. HP 850444 typically has a +8 4B offset,
tion kit. Environmentat ternperature is 25°C +5°C at calibration: =+ 1°C from calibration . :
temperature must de maintained for valld measurement calibeation. 8. Typically, crosstalk after accuracy enhancement is ~ 110 dB.
2. With IF bancwidth of 10 Hz, ge fi;:gti';-it:;eltr:ﬁsz ca‘)si;stéwe th;rsmoafnac é:ag:iitnuaus maasurement of a short circuit or thru.
3. One-path 2-port calibration with HP 850444, ) _p — .
o . Arrived at by bending cables oul perpendiculer to front panel an
4. With impedance-matched load. :fcc}:nectéig‘ ts?abi:)ity ?s mui: ;;t?fr?iith Eziss ﬂe;ing. FItas to font panel and
5. Includes effects of swilch repeatabiilty. 11. Arrived at using HP 118570 cables and full 2-port catibration. Drift is much better
6. Appliss over most of the frequency range. Refer io test set manual for detailed  without cabies and with 1-port calibration. For this case, drift typically is {0.1 + 0.08 x
specifications. #GHz)] x A°C, degrees.
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Table 8. Typical System Performance for Devices with 3.5 mm Connectors
HP 87538 with HP 85047A Test Set, 3 GHz to 6 GHz

Uncorrected Typical Residual after Accuracy Enhancement 1. 2
Symhal Error Terms Hespanse Only Response and isolatien Gne-Port full Two-Fort
48 Linear d8 Linear dB Liggar 4B Linear 48 Linear
D Directivity w25 0.06 —25 0.06 w35 0.018 =35 0.018 w35 8.018
MS Source Match 4 w14 0.20 -~ 14 0.20 - 14 0.2 =30 0.032 w30 0.032
M, | Lead Match 4 14 0.20 ~14 0.20 w14 0.20 — o 32 8.025
. +3.5 +0.08 +2.0 +1.7
ing 4
T, | Reflection Tracking ~95 —0.95 26 0.26 20 0.21 +0.12 0016 +0.12 0.014
T; | Transmission Tracking 4 ig: tgg: ={.35 0.04 0.35 0.04 - - 0.1 0.012
C Crosstatk 1 £.000% 80 0.0001t -~G0 % |0.000032 —_ — —90% | 0.000032
Port ¥ Reflection Connector )
By Repeatabilty (Typical) 70 d8 or 0.00032 linear
Port 1 Transmission Connector )
Ry Repeatability (Typic) 70 dB or 0.00032 linear
Port 2 Reflection Connector .
Re2 Repeatability (Typical) 70 d8 or 0.00032 linear
Port 2 Transmission Connectos .
R Repeatability (Typical) —70 dB or 0.00032 lingar
Low-Level Noise -
Ni | (oise Fioor) 95 dBm
N, | High-Level Noise 8 Magnitude: 90.G04 dB or 0.00046 linear
HP 87538 Magnitude
Am,AQ and Phase Dynamic Refer to "'Dynamic Accuracy” in this section
Accuracy £rror :
Port 1 Cable Transmission
Sy Phase Stabilty ? 0.05 x f(GHz), degrees
Port 1 Cable Reflection .
Sy Stability 7 ~ 70 dB or 0.00032 I%near.
Port 2 Cable Transmission
52 | phase Stabilty 7 0.05 x f(GHz), degrees
Port 2 Cable Reflection .
Si Stability 7 —70 d8 or 0.00832 finear
T Transmission Tracking Drift Magnitude:  0.0015 x A°C linear
© | (Typicai) Phase: [0.1 + (.15 x f{GH2)} x A°C, degrees
T Reflection Tracking Drift Magnitude:  0.0015 x A°C linear
| (Typicat) Phase: B [0.1 + 0.15 x f(GHz}] x A°C, dagress

1. Accuracy enhancemant procedures are performed using HP 85033C 3.5 mmcalibra- 6. High-level noise is the RMS of 4 centinuous measuramant of a short girguit or they,
tion kit. Environmental temperature is 25°C =+ 5°C at calibration: + 1°C from calibration  Refer to trace noise performanes test.

temperature must be maintained for valid measurement calibration. 7. Arrived at by bending HP 11857D cables sut perpendicuiar to front panet and recon-

2. With {F bandwidth of 10 Hz. necting, Stability is much beiter with less flexing,

(L1 H .
3. With impedance-matched load. 8. Arrived at using HP 118570 cables and full 2-port calibration. Drift is much hetter
4. Includes etfects of switch repeatability. without cables and with 1-port calibraticn, For this case, drift typically is [0.1 + 0.05x
5. Typically, crosstalk after accuracy enhancement is — 100 dB. f{GHz)i x A°C, degrees.
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Table 9.

Typical System Performance for Devices with 75 Ohm Type-N Connectors

HP 87538 with HP 850468 or 850448 Test Set

Uncorrected Typieal Residual after Aceuracy Eshancement . 2
Symbol Error Terms Response Only Response and Isoiation One-Port Full Two-Pord 3
d8 Linear dB Linear a8 Linear dB Linear 48 Linear
0 Directivity - 30 0.032 -30 0.032 -444 1 00063 - 44 $.0083 — 44 0.0063
I‘\J'lS Source Match § 158 0.16 —168 0.18 —1§ 016 - 35 0.018 -~ 35 (0.018
M, Load Match § w16 & 0.16 —16% 0.16 —16 (.16 — — — 432 0.008
. . +1.
T. | Reflection Tracking 5 w15 | O IS g 51 017 | w008 | 0007 | xo0s | 007
r —0.18 -1.8 =186
_ . +0.019
Ty | Transmission Tracking 5 +157 046 z0.21 0.025 =020 | 0.028 e - =005 | 0.006
¢ Crasstalk —85 (.000063 -85 1 (.000063 | —948 | Q.00002 e - -34 8 1000002
Port 1 Reflection Connactor .
Ry Repeatability (Typical) 85 48 or 0.00058 linear
Port 1 Transmission Coennector .
Ry Repeatability (Typical) 85 4B or 0.00056 linear
Part 2 Reflection Connactor _ .
R,z Repeatabilty (Typical) 65 dB or 0.00036 linear
Port 2 Transmission Connector .
Ris Repeatabilty (Typical) 85 dB or 0.00056 linear
Low-Level Noise .
Ny {Ncise Floor) 94 dBm
M, | High-Leve! Noise ® Magnitude: (004 dB ar 0.00046 linear
HP 87538 Magnitude
An.A, ¢ and Phase Dynamic Refer to "Dynamic Accuracy” in this section
Accuracy Error
Port 1 Cable Transmission
Sy Phase Stahifty 10 0.05 x f{GHz), degrees
Post 1 Canle Reflection ‘
Sh Stabilty 16 76 dB or 0.00032 linear
Port 2 Cable Transrission
S Phase Stabifty 10 0.05 x f(GHz), degrees
Port 2 Cahle Reflection .
Sy Stapilty —~70 48 or 0.00032 linear
T Transmission Tracking Drift Magnitude:  0.0015 x A°C lnear
¢ | (Typical} Phage: [0.1 + 0.15 x f{GHz)] x A°C, degrees
T Refiection Tracking Drift Magnitude:  0.0015 x A°C linear
@1 (Typical) Phase: 11 0.1 + 0.15 % f(GHZ)} x A°C, degrees

1. Accuracy enhancement procedures are performed using HP 85036B 752 type-N
calibration kit. Environmental temperature 18 25°C = 5°C at calibration. = 1°C from
salibration temperature must e mainfained for valid measurement salibration.

2. With [F bandwicth of 1} Hz.

3. One-path 2-port calibration with HP 85044B.
. With impedance-matched load.

. includes effects of switch repeatability,

. Applies over most of the frequency range. Refer o test sel manual for detailed
pecifications.

w4

7. HP 85044B typically has a +6 4B offset.
8. Typically, crosstalk after accuracy enhancement is — 104 dB.

G, High-tevet noise is the RMS of a continuous measurament of a short circuit or thry.
Refer to the trace noise performance test.

13, Arrived at by bending HP 118578 cables out perpendicular to front panel and
reconnacting. Stability is much better with less flaxing.

11, Arrived at using HP 118578 cables and full 2-port calibration. Drift is much better
without cables and with 1-port calibration. For this case, drift typically is (0.1 + G.05x
fiGHz)] x A°C, degrees.
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DETERMINING EXPECTED SYSTEM PERFORMANCE

The uncertainty equations, dynamic accuracy cailculations, and tables of system performance values
provided in the preceding pages can be used to calculate the expected system performance of an HP
87538 system. The following pages explain how to determine the residual errors of a particular
system and combing them to obtain total error-corrected residual uncertainty values, using work-
sheets provided. The uncertainty graphs at the beginning of this System Performance section are
examples of the results that can be calculated using this information.

Procedures

Table 10 is a worksheet used to calculate the residual uncertainty in reflection measurements. Table
11 is a worksheet for residual uncertainty in transmission measurements. Determine the linear values
of the residual error terms and the nominai linear S-parameter data of the device under test as
described below and enter these values in the worksheets. Then use the instructions and equations in
the worksheets to combine the residual errors for total system uncertainty performance. The resulting
total measurement uncertainty vaiues have a confidence factor of 99.9%.

S-Parameter Values. Convert the S-parameters of the test device to their absolute linear terms.

Noise Floor. Refer to the Receiver Noise Level Performance Test in the On-Site System Service
Manual to determine the actual noise floor performance of your measurement setup.

Crosstalk. Refer to the /Input Crosstalk Performance Test, Connect an impedance-matched load to
each of the test ports and measure S21 or $12 after calibration. Turn on the marker statistics function
{see Chapter 6, Using Markers), and measure the mean vaiue of the tfrace. Use the mean value plus
one standard deviation as the residual crosstalk vaiue of your system.

Dynamic Accuracy. Determine the absolute linear magnitude dynamic accuracy as described under
Dynamic Accuracy in this chapter.

Other Error Terms. Refer to Tables 3 through 9, depending on the test set and connector type in
your system. Find the absolute linear magnitude of the remaining error terms.

Combining Error Terms. Combine the above terms using the reflection or transmission uncertainty
equations in the worksheets.

HP 8753B Sysiem Performance
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Table 10. Reflection Measurement Uncertainty Worksheet

In the columns below, enter the appropriate values for each term, Fraguency:
Error Term Symizol dB Value Linear Vaiue
Directivity D
Reflection tracking T,
Source match M,
Load match M,
Dynamic accuracy
Magnitude An,
Phase A,
S11 811
521 S21
Si12 S$12
Noise floor N,
High level noise Ny
Connector reflection repeatability R,
Connector transmission repeatability R,
Magnitude drift due to temperature T.q (Mag)
Phase drift due {0 temperature T.q (Phase)
Cable reflection stability S,
Cable transmission stability 5

Magnitude

Combine Systematic Errors.
errors. Then combine these errors to obtain the total sum of systematic errors.

In the space provided, enter the appropriate linear values from the list of

(1+ T ) X0 +S) (& WX+ )= [k
(Fou +TX(811) R T ) - (]

(Sr1 + Mgy + M) X (811)X(811) (A X ()= [m]
M, X S21% 512 (X X 3= [n}
(AnyX(811) (X )= []
Tota: k+|+m+n+o -+ o+ = [S]

Combine Random Errors. In the space provided, enter the appropriate line

errors. Then combine these errors in an RSS fashion to obtain a total sum of the random errors,

ar values from the list of

3X(N) 3 X{ = [w]
3X(N)X(811) IX{ WX )= [x]
R.q +2X(Ry) X (S11)+(R,4) X(S11}X(S11) X YK X )= [v]
(2} X(821)X(512) : (XX )= [2]
V Wit x@+yetz2 V. X 4+ X+ X 4 X = (R
V,=8+R =
Enilinear)=V,+T,4(mag) X S11 + X )=
E,ilog)=20 Log (1 +E,/511) 20log(iz [ )= dB
Phase
E,, = Arcsin[(V, — A X S11)/S1]+ T yphase)+2 XS, +A, Arcsin{l(_ - X M I+ 22X+ = degraes
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Table 11.  Transmission Measurement Uncertainity Worksheet
in the columns below, enter the appropriate values for each term, Frequency:
Error Term Symbol dB Vaiue Linear Value
Crosstalk C
Transmission tracking T,

Source match Mg
l.oad match M,
Dynamic accuracy

Magnitude Ay

Phase Ay
S11 S11
S21 S21
S12 812
822 822
Noise floor N,
High level noise N,
Connector refiection repeatability R,
Connector transmission repeatability R,
Magnitude drift due to temperature T.q (Mag)
Phase drift due to temperature T.q (phase)
Cable reflection stability S,
Cable transmission stability S,

Magnitude

Combine Systematic Errors. In the space provided, enter the appropriate linear values from the list of
errors. Then combine these errors to obtain the total sum of systematic errors.

C

(Tow TTYX(S21)

(S + Mgy H M X{STT)X(S21)
(ST Mg, T MIX(E271)X(S22)
(A X(821)
k+i+m+n-+o

[k]

U

[m]

(n

o]

(_+ X )=
R A 2ot W oS S R
R Lo WD 2o S R
(X )=

+ o+ F o+ =

[S]

Combine Random Errors. In the space provided, enter the appropriate linear values from the list of
errors. Then combine these errors in an RSS fashion to obtain a total sum of the random errors.

3X(N) IX(_ )= [w]
3X(N,)X(521) XX )= [x]
(Ry1) X(821) +{R;) X(S11)X(821) (X )X )X )= Iyl
(Riz) X(821)+{R ;X 822X 821} (PO - XK X )= {z]
V weix2t+y2tz2 V X _ 4+ X+ x__+_ x.__=__ IR
Ve=S+R =
E,(linear)=V,+ T (mag)x 521 R S
E,{l0g)=20 Log (1 £ E,,/S21) 20tog{lx_ [/ )= aB
Phase

E,,= Arcsin[{V A X S21)/821] + T 4lphase)+ Su+SptA, Arcsinf_ ~_ X IS + - + =& degrees
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INTRODUCTION

This section provides instructions for instalfing and interconnecting the HP 8753B system in a rack-
mounted or bench configuration. Information includes site preparation, receiving shipment, initial
inspection, power and grounding requirements, rack mounting, bench installation, system intercon-
nections, and instructions for repacking and shipment.

Checklists are provided following the instructions for site preparation and instaliation. Complete these
checklists to ensure that steps are not overlooked. Table 1is the site preparation checklist, and Table
4 is the installation checkiist.

SITE PREPARATION

A site must be provided that meets the space, power, environmental, and communications require-
ments of the system ordered, as described below.

Space Requiremenis

If the system has been ordered with a rack such as the HP 85043B system rack, sufficient space must
be provided for the rack plus a minimum clearance of 15 ¢m (6 in) behind and on both sides of the rack
to allow proper ventilation. The HP 85043B system rack measures 124 cm (48 in) high by 60 cm (24 in)
wide by 80 cm {32 in) deep. The total depth of the rack with the work surface installed is 115 cm (45 in).
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Power Requirements

The voltage and frequency requirements for the power source of the HP 8753B are listed in Table 2 in
this section. The test sets obtain power from the HP 8753B and do not require an outside power
source.

i the system has been ordered with an HP 85043B rack, power will be supplied to the rack through its
heavy-duty grounded primary power cable, and to the individual instruments in the rack through
special power cables included with the rack. The rack should be connected to a circuit capable of
supplying 2000 VA without interruption, and without interference from other equipment such as air
conditioners or large motors. An additional power line outlet should be provided for the controller of
an automatic system.

{ CAUTION |

A properiy grounded AC outlet is mandatory when operating the HP
8753B. Operating the HP 87538 with an improperly grounded or floating
ground prong WILL DAMAGE THE INSTRUMENT!

Environmental Requirements

For best performance, the operating environment for the HP 8753B should meet the following require-
ments:

® Temperature between 0°C and +55°C
® Relative humidity between 5% and 95% at +40°C (non-condensing)
& Altitude up to 4500 metres (approximately 15,000 feet)

e RFI and EMI susceptibility defined by VDE 0730, CISPR Publication 11, and FCC Class B Stan-
dards.

The system can be operated in environments outside this range with a possibility of degradation in
performance and a higher risk of failure. For temperature limitations on specified performance, refer
to the table of specifications in the General Information and Specifications section of this manual.

In addition to the above requirements, the following considerations should be observed:

® The environment should be as dust-free as possible, and the air filters in the instruments and the
rack should be cleaned regularly.

® Electrostatic discharge (ESD) should be controlled by use of static-safe work procedures. For
bench installation, the HP 921757 antistatic bench mat will decrease the possibility of damage
from ESD.

RECEIVING AND INSPECTION

Receiving Shipment

The instruments ordered as components of the HP 8753B system may be shipped separately from
different points of origin, and will not arrive together in a single shipment. It is recommended that the
shipping containers be kept in one area and not unpacked until all the instruments are delivered.
Before unpacking, verify that ali system components ordered have arrived by comparing the shipping
forms to the original system purchase order.

System Instalfation HP 87538



initial Inspection

Inspect aft shipping containers. If your shipment is damaged or incomplete, save all packing materials
and notify both the shipping carrier and the nearest Hewlett-Packard Sales and Service Office.
Hewlett-Packard will arrange for repair or replacement of damaged or incomplete shipments without
waiting for a settiement from the transportation company. Notify the HP customer engineer of any
probiems.

As you unpack the system components, verify that the serial numbers listed on the shipping docu-
ments are the same as those on the rear panels of the instruments. Keep the packing materials in
case they are needed for reuse.

Any instruments or computer equipment already on hand that are intended for use in the system
should be verified before being integrated into the system. Collect all components of the system atthe
installation site.

Complete the site preparation checklist. If you have ordered HP 8753B -+23N, On-Site Installation and
Verification, contact the Hewlett-Packard customer engineer to perform installation, configuration,
and system verification. If you did not order this support product, perform the procedures described
under “Installation.”

INSTALLATION

If you have ordered HP 8753B +23N, On-Site Installation and Verification, the installation of your
system will be performed by a Hewlett-Packard customer engineer. Be sure that all system compo-
nents have been delivered, unpacked, and collected at the installation site before you contact the
customer engineer to schedule the installation.

if you have not ordered HP installation and verification, read the following instructions for:

1. Setting up the instruments in a bench-top or rack-mount configuration. Either of these may be an
automatic system: that is, it may include a computer controller.

2. Making correct power connections and checking power-on and self test for each instrument.
3. Making HP-IB connections and checking HP-IB addresses.

4. Completing system interconnections before performing tests of the system functions.

HP 8753B System Installation



Table 1. HP 87538 System Site Preparation Checklist

{Refer to preceding paragraphs for details.)

Space Requirements

Rack-Mounted System
90 cmx 130 cm (38 in x 51in)

{including clearance) []
Bench-Top System
Bench or table to hold instruments ]
Automatic System
Controller table 830 mm x 712 mm {36 in x 28 in) I
Power Requirements
PROPERLY GROUNDED AC POWER QUTLET [ 1]
Operating the HP 8753A/B without proper AC
ground WILL DAMAGE THE INSTRUMENT!
Rack-Mounted System
1 muttiple-outlet power strip (2000 VA) { ]
(includes outlets for service)
Bench-Top System
2 multiple-outlet power strips (2000 VA) Pl
{includes cutlets for service}
Environmental Requirements
Temperature: +20°C to -+30°C (+68°F to +86°F) ]
Humidity: 5% to 80% RH (20-60?? 20-8077) [ ]
Altitude: 0 to 4500 metres (15,000 feet) [ 1]
RFI and EM! susceptibility defined [ ]
Antistatic tabletop mat [
Operating Supplies
Plotter paper, spare pens, etc. on hand [
System Components
Shipment compiete [ 1
Serial numbers verified [ 1
Instruments already on hand verified [ 1
All instruments collected at installation site [ 1]
On-Site Installation
Customer engineer contacted, installation scheduled [ 1
System Installation HP 8753B



SETTING UP THE INSTRUMENTS

Because there are numerous possible configurations of HP 8753B systems, the instruments can be
set up in different ways according to individual situations. The instructions given here are for typical
bench-top and rack-mounted system setups. Instructions for connecting the system cables are pro-
vided following the power check and HP-IB address check.

Bench-Top Systems

If the system includes an S-parameter test set, place this on the bench at least 15 ¢cm (6 inches) back
from the front edge. Put the HP 8753B on top of the S-parameter test set.

If the system will be used with an HP 85044A/B transmission/reflection test set, place the HP 87538
on the bench at least 30 cm (12 inches) back from the front edge. Place the test set in front of the HP
8753B.

Put the piotter {or printer) on top of the HP 8753B. If this is not an automatic (computer-controlied)
system and a printer is 10 be used in addition to the plotter, place the printer on the bench next to the
network analyzer/test set combination. A typical system setup is illustrated in Figure 1.

Figure 1. Typical Bench-Top System Setup
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Rack-Mounted Systems

The recommended system rack or cabinet for the HP 8753B is HP 85043B, which includes the neces-
sary flange kits for rack mounting. Four short AC power cords are supplied with the rack to connect
power from the special cabinet power strip to each instrument in the cabinet. The manual for the HP
85043B rack provides instructions specific to the HP 8753B system. Follow the instructions for cor-
rect spacing of the instrument rails for your particular system, and for installation of the work surface.
Be sure to install the foam baffling as described in the rack manual: this baffling is necessary for
proper cooling, which is accomplished by the individual instrument fans.

The HP 850438 rack has been specifically engineered for the HP 8753B system, and full measure-
ment performance can be expected from systems installed in it. Use of any other rack may adversely
affect warranty and support issues. Other racks may promote overheating, dust contamination, and
shock hazard, and are not recommended. Electrical and mechanical specifications may be affected by
custom-racked system configurations, instrument cooling may be deficient, and electromagnetic
interference may be increased. If a user-configured rack system is necessary, the HP customer
enginger should be consulted about warranty and support details.

¢ cauTion 3

The system rack must be in its normal upright position when the instru-
ments are installed. Do not install instruments with the rack on its side or
its back. Major damage to the instruments and the rack can occur if this
is done.

IMPORTANT NOTE: If you are using the HP 8753B in a rack mount configuration, make sure cabinet
fan airflow and instrument fan airflow are compatible. If not, simply turn the HP 8753B fan around,
reversing its airflow direction. To gain access to the fan, remove the rear panel assembly. Instructions
are provided in the “Replacement Procedures” section of the HF 8753B On-Site System Service
Manual,

Stand the rack upright and immobilize it. With the HP 85043B this is done by fully extending the four
fock feet at the bottom of the rack.

if your system cabinet does not have a power plug that corresponds to the jack you intend to use, you
will need to obtain the correct plug for your needs. Do not plug in the cabinet power cable at this time.

Prepare the instruments for installation into the rack. Remove the feet from all system instruments by
lifting the tabs on each foot and sliding it toward the center of the instrument and out of its slot.

Attach flanges to all instruments to be rack-mounted. The HP 85043B rack is shipped with flanges and
screws included. In addition, two rack-mount flange Kits are available to mount the HP 8753B in any
rack with 482.6 mm (19 inches) horizontal spacing. Option 908, illustrated in Figure 2, is a flange kit for
rack-mounting the instrument with its handles removed. Option 913, illustrated in Figure 3, is a kit for
rack-mounting the instrument with the handles. Follow the illustrated procedures.

install the instruments by sliding them into place in their designated spaces in the system rack. if an S-
parameter test set is part of the system, it must be instalied directly below the HP 8753B. Check the
distance from the test port connectors to the work surface to be sure it will accommaodate different test
devices. Secure each instrument in place with four dress screws,

Automatic {Computer-Controlled) Systems

Place the computer in the center of the table provided for it. Refer to the computer manual for detailed
instructions on setting up the computer.

Put the plotter on top of the computer and the printer beside it.
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RACK MOUNT KIT
WITH FRONT HANDLES REMOVED

HP PART NUMBER 5061-9678 (OPTION 908)

CONTENTS
Qry. PART NO.
2 RACK MOUNT FLANGE  ................ 5020-8863
8 ... M4 X 0.7 X 10 P.H.SCREW (METRIC) ........... 0515-1114

N

INSTRUCTIONS

Remove side trim strips.
Remove 4 screws and one front handle assembly from each side.

Attach rack mount fiange to each side with 4 screws.

Eal <

Remove feet and tilt stands before rack mounting.

Figure 2. Rack Flange Kit Mounting Insiructions {Option 908)
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RACK MOUNT KIT FOR
CABINETS WITH PREVIOUSLY
ATTACHED FRONT HANDLES

HP PART NUMBER 5061-9772 (OPTION 913)

CONTENTS

QTy. PART NO:.
2o 5020-8875
8 ... 0515-1106

INSTRUCTIONS

Remove side trim strips.
Remove 4 screws per side,

Attach rack mount flange and front handle assembly with 4 new longer screws per side.

A e

Remove feet and tilt stands before rack mounting.

8

Figure 3. Rack Mounting Kit with Handles (Option 913)
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POWER CONSIDERATIONS

¢ cauTion $
A properly grounded AC outlet is mandatory when operating the HP

87538. Operating the HP 8753B with an improperly grounded or floating
ground prong WILL DAMAGE THE INSTRUMENT!

Line Voltage and Fuse Selection

¢ CAUTION $

To prevent damage to any of the instruments in the system, make the
correct line voltage and fuse selection for each instrument before con-
necting line power to the system.

The HP 8753B is provided with a voitage selector to match the instrument to the AC line voltage
available at the site of installation. This voltage selector is a thumbnail switch located directly above
the power cord receptacle on the rear panel. Determine the AC line voltage present, and set the switch
to the value closest to that voltage, either 115V or 230V. Table 2 lists the possible range of the actual
line voltage for each switch setting. If the line voltage is not within one of these ranges, use an
autotransformer between the power source and the HP 8753B.

¢ CAUTION 1
I an autotransformer is required, it must provide coniinuity to earth
ground or the HP 8753B will be damaged.

The required fuse rating for the HP 8753B is listed in Table 2 and is also printed on the rear panel. The
fuse is located in a fuse housing immediately above the power receptacle in the AC fine moduie. To
remove the fuse housing, insert a small screwdriver into the slot at the base of the housing and pull
forward and out, A spare fuse is also supplied in the fuse housing.

Table 2. Line Voltage and Fuse Values

Actual Line Voltage 90 to 127 Vac 195 to 253 Vac
Corresponding Switch Setting 115V 230V

Fuse Value 3.15A 3.15A
(Alternate for Canada) 3.0A 3.0A

Frequency 47.5 to 66.0 Hz, single phase

Each instrument in the system must be set to operate with the available AC fine voltage, and the
correct line fuse must be installed. Fuse ratings for different line voltage settings vary between ditfer-
ent instruments, so follow the instructions provided in the operating manual for each instrument.
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Power Cables

in accordance with international safety standards, each instrument in the HP 8753B system is
equipped with a three-wire power cable. When connected to an appropriate outlet, this cable grounds
the instrumenit. The offset pin of the three-prong connector is the grounding pin. If the system or any
instrument is operated from a two-contact outlet, preserve the protective grounding feature by using a
three-prong to two-prong adapter and connecting the ground wire of the adapter to earth ground. The
USA adapter is HP part number 1251-0058.

¢ CAUTION
A properly grounded AC outlet is mandatery when operating the HP
8753B. Operating the HP 8753B with an improperly grounded or fioating
ground prong will damage the instrument! Under no circumstances use a
three-prong to two-prong adapter without connecting the ground wire to

earth ground. Make sure a three prong outlet is properly grounded.
Fioating the HP 8753B’s ground prong will damage the instrument!

Table 3 lists the part numbers for power cables supplied with HP instruments and illustrates the type
of plug on each cable. The type of power cable shipped with the instrument depends on the country of
destination. The HP part numbers listed are for complete power cables including the plugs.

WARNING

Before turning on any instrument in the system, be sure that its three-
wire power cord is inserted in a socket outiet provided with a protective
earth contact. Do not defeat this protective feature by using an exten-
sion cord without a protective ground conductor. Grounding one conduc-
tor of a two-conductor outlet is not sufficient protection,

If the system is rack-mounted, connect the short power cables supplied with the rack from the power
strip in the rack to the instruments. Connect the rack to line power. Connect bench-top instruments to
line power.

Turn on the line switches. Check that each instrument is on and has passed its self test, if any.
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Table 8. AC Power Cables Available

Cable Cable Cable
Flug Type! HP Part | CD3 Plug Description? Length Color For Use in Couniry
Number2 (inches}
250V 8120-1351 0 | Straight BS1363A 90 Mint Gray | United Kingdom,
8120-1703 8 90° 80 Mint Gray | Cyprus, Nigetia,
[;| Zimbabwe, Singapore
L K
L0 I
250V 8120-1369 0 Straight ZNSS198/ASC112 79 Gray Australia,
8120-0696 4 a0° _ 87 Gray New Zealand
0
E
N 7
L ]
8120-1689 7 Straight CEEY-VII 79 Mint Gray | East and West Europe,
81201692 | 2 | 90 79 Mint Gray | Saudi Arabia, Egypt,
Republic of So. Alrica,
india (unpolarized in
many nations)
8120-1348 5 Straight NEMAB-15P 80 Black United States,
8120-1398 5 190 80 Black Cenada, Japan
8120-1754 7 Straight NEMAS-15P 36 Black {100V or 200V),
8120-1378 1 Straight NEMAS-15P 80 Jade Gray | Maexico, Philippines,
8120-1521 6 90 80 Jade Gray | Taiwan
8120-1676 | 2 | Straight NEMAS5-15P 36 Jade Gray
256Y B8120-2104 | 3 | Straight SEV1011.1958 79 Gray Switzeriand
24507 Type 12
L (O g: On
250V 8120-0698 | 6 Straight NEMAB-15P United States, Canada
220¢ 8120-1957 2 | Straight DHCK 107 79 Gray Denmark
8120-2956 3 a0° 79 Gray
£120-1860 6 Straight CEE22-V]
(System Cabinet Use)
1. E = Earth Ground; L. = Line; N = Neutral
2, Part number shown for plug is industry ideatifier for plug only. Number shown for cable is HP Part Number for complete cable inciuding plug.
3. The Check Digit {CD) is a coded digit that represents the specific combination of numbers used in the HP Part Number. It should be supplied
with the HP Part Number when ordering any of the power assemblies listed above, to expedite speedy delivery,
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HP-IB CONSIDERATIONS

In an automated system, the computer controller communicates with the HP 87538 and other com-
patible peripherals via HP-1B (Hewlett-Packard Interface Bus). HP-1B can also be used by the HP
87538 as controller to output measurement results directly to a compatible piotter or printer. Figure 4
iustrates the HP-IB connections in a typical measurement setup.

HP -8
NETWORK ANALYZER

S-PARAMETER TEST SET

gy

CONTROLLER
GRAPHICS PLOTTER

DISC DRIVE

TN

Figure 4, HP-IB Connections in a Typical Setup

HP.IB Connectors and Cables

The HP-IB connector is located on the rear panel of the HP 8753B. This is used to connect the HP
8753B to a controller via HP-1B with or without other instruments connected in paraliel. It is also used
for HP-IB interface when the HP 8753B itself is the controller of peripheral devices.

System Instaliation HP 8753B



All instruments on the interface bus are interconnected by HP-IB cables. Figure 5 illustrates an HP-IB
cable and provides a list of available HP-IB cables and their part numbers. As many as fifteen instru-
ments can be connected in parailel on HP-IB, but proper voltage levels and timing relationships must
be maintained. If the system cable is too long or if the accumulated cable length between instruments
is t00 long, the data and control ines cannot be driven properly and the system may fail to perform.
Therefore, observe the following restrictions:

e 4 metres (12 feetl) is the maximum cable length with two instruments in a system.

® 2 metres (6 feet) is the maximum cable fength to each instrument when mors than two instruments
are connected on the bus.

® 20 metres {65 feet) is the maximum total cable length between all units.

HP-IB Cable Lengths
Part Numbers

HP 10833A | 1m (3.3 ft)
HP 10833B | 2 m (6.6 ft.)
HP 10833C | 4 m (13.2 ft.)
HP 10833D | 0.5 m (1.6 ft.)

Figure 5. HP-IB Cables Available
Turn off line power to each of the system instruments and connect the HP-1B cables as follows (HP-IB
cables can be connected one on top of another). Tighten the screws on each of the HP-IB connectors.
1. Connect an HP-IB cabile between the controller and the HP 8753B.

2. Connect an HP-IB cable between the HP 8753B and the plotter, and an HP-1B cable between the
HP 8753B and the printer.

3. Connect an HP-IB cable between the HP 8753B and the external disc drive, if used.
4. Note that no HP-IB connection is needed to the test set.

5. Turn on the instruments to check the HP-IB addresses as described below.

HP 87538 System Installation

13



HP-IB Addresses

In HP-IB communications, each instrument is identified by an HP-IB address. This decimal-based
address code must be different for each instrument on the bus.

Check the HP-IB address of each of the instruments in the system. Most of the HP-IB addresses are
factory preset and need not be modified for normal system operation. The standard factory-set
addresses for instruments that may be part of the system are as follows:

HP-i8 Address
Instrument

(decimal)
HP 8753B 16
Plotter 05
Printer 01
External Disc Drive 00
Controller 21
Power Meter 13

To verify that the HP 8753B recognizes the correct addresses, press the [LOCAL] key, and the HP-IB
softkey menu will be displayed along the right-hand edge of the CRT. Press the key adjacent to the
label [SET ADDRESSES]. The address menu will be displayed.

Press FADDRESS 87537 and observe the display. The number 16 should be displayed in the active
entry area of the CRT. If the number displayed is not 16, press [1] [6] [x1]. The display should now
show 16. This HP 8753B address is not affected by preset or by turning the line switch off.

Press each of the other JADDRESS] softkeys and verify that the cofrect address is displayed for each
instrument. If any instrument is set to an HP-IB address cther than the default, the HP 87538 can be
maodified to recognize that address. Enter the desired address using the number pad, and terminate
with the [x1] key. Addresses assigned in this way are retained in memory and automatically recalled
whenever the instrument is powered on. Detailed information on HP 87538 front panel and softkey
operation is provided in the Operating and Programming Reference in this manual.

Addresses can be physically changed on the individual instruments, except for the HP 8753B, by
changing the HP-IB switch settings. Instructions are provided in the manual for each instrument. The
HP 8753B does not have an HP-IB switch: its address is set only from the front panel, as described
above.

tndividual HP-IB address labels can be ordered using HP part number 7120-6853 (see Figure 8).
These labels can be used on the rear panel of sach instrumant in the system for quick reference to the
HP-IB address.

AUORESS

QF Part No. 7120-—6853)

Figure 6. HP-IB Address Label
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OTHER SYSTEM INTERCONNECTIONS

Systems Using the HP 85046A/B or 85047A $-Parameter Test Set

The test set interconnect cable is supplied with the S-parameter test set. Connect this cable between
the TEST SET INTERCONNECT receptacle on the HP 8753B and the NETWORK ANALYZER INTER-
CONNECT receptacle on the S-parameter test set.

Four short RF connecting cables are included with each S-parameter test set. Connect these between
the front panel connectors on the HP 8753B and the corresponding connectors on the test set.

The HP 118570 7 mm test port return cable set is required for use with the HP 85046A or 85047A test
sets. The HP 118578 75 ohm type-N test port return cable set is required with the HP 850468 test set.
Connect these cables to PORT 1 and PORT 2 of the S-parameter test set. The device under test will be
connected to the test port return cables.

Figure 7 illustrates the interconnections in a typicai measurement setup using an S-parameter test
set. Measurement setups for different applications are illustrated in the Operating and Programming

Reference.
HP-1B
GRAPHICS
PLOTTER
TEST SET S——————
INTERCONNECT
\-nw & O %
NETWORK ANALYZER O Q
INTERCONNECT onmw T

S-PARAMETER TEST SET

Figure 7. Typical Interconnections with §-Parameter Test Set

Systems Using the HP 85044A/B Transmission/Reflection Test Set

The HP 11851B 50 ohm type-N RF cable set is required to connect the HP 8753B to the HP 85044A/B
transmission/reflection test set. Use the three matched cables to connect the front panel connectors
of the HP 8753B to the corresponding connectors on the rear panel of the test set. The longer cable is
typically used to connect the output of a two-port device under test to the B input of the HP 8753B.

The HP 11852B 50 to 75 ohm minimum loss pad is included with the HP 85044B 75 ohm test set. This
pad is required between a 75 ohm device and the RF cable to input B of the HP 8753B, or another 50
ohm measurement accessory.
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Figure 8 illustrates the interconnections in a typical measurement setup using an HP 85044A/8B trans-
mission/reflection test set.

NETWORK ANALYZER

MiN MU
LOSS PAD
{WITH 850448 ONLY)

------ REFLECTED TO INPUT A
------ INCIDENT TQ INPUT R

F—————
A ——

puT

P —
TEST 500
o @

TRANSMISSION/
REFLECTION
TEST SET

Figure 8. Typical Interconnections with HP 85044A/B Test Set

Rear Panel BNC Connectors

The EXT REF INPUT connector is used for phase locking the HP 8753B to an external frequency
standard. :

The AUX INPUT connector is used to connect an external DC voltage source for measurement on the
CRT.

The EXT AM connector is used to connect an external signal to the HP 8753B to amplitude modulate
the source signal.

The EXT TRIGGER connector is used to connect an external signal to trigger the sweep of the HP
8753B.

Additional information about the rear panel connectors is provided in the Supplemental Characteristics
table in the General Information and Specifications section.
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STORAGE AND SHIPMENT

Envirchmental constraints for storage and shipment of the HP 87538 system are not as stringent as
for system operation. The following environmental limits are acceptable:

& Temperature between —40°C and +75°C.
@ Relative humidity up to 890% relative at +65°C (non-condensing)
& Altitude up to 15240 metres (50,000 feet)

The instruments should be protected from temperature and humidity conditions that might cause
internal condensation.

If the system is rack-mounted, it must be stored with the rack standing upright. If the cabinet is stored
in any other position with the instruments installed, the stress may cause mechanical and electrical
damage to the instruments. The cabinet can be wheeled about its immediate installation area with the
instruments installed, but care must be used since the instruments are sensitive and heavy. Turn the
leveling foot on each bottom corner of the HP 85043B cabinat clockwise, so that the feet do not
interfere with movement. For safety’'s sake, enlist the aid ¢f another person to help guide and steady
the cabinet.

INSTALLATION CHECKLIST

Complete the system installation checklist before performing a test of the system functions. Three
levels of tests are available: Operator’'s Check, On-Site Verification, and Performance Tests. These
tests are described in the General Information and Specifications section of this manual.

Packaging

i the HP 8753B or any of the system components is to be returned to Hewlett-Packard for service,
attach a tag indicating the service required, return address, instrument model number, and full serial
number, then pack as described below. Use the blue service tags located behind the System Installa-
tion tab in the Operating and Programming Manual. In any correspondence, refer to the instrument(s)
by model number and full serial number.

The rack cabinet should never be shipped with the instruments installed. Al instruments should be
removed and individually packaged before shipment.

If any instrument is to be reshipped, it is best to use the original factory packaging materials. If you
have not retained the original packaging, you can order simifar containers and materials from the
nearest Hewlett-Packard office. Addresses are listed at the back of this manual.

If other packaging materials are used, be sure to wrap the instrument (with service tag) in heavy paper
or plastic, and place the wrapped instrument in a strong shipping container such as a double-wall
carton made of 350-pound test material. Pack a three to four inch layer of shock absorbing material
around the instrument. Seal the carton securely, and mark it FRAGILE.

HP 8753B System Installation
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Table 4. HP 8753B System Insiallation Checklist (1 of 2)

(Refer to preceding paragraphs for details)

SETTING UP THE INSTRUMENTS
Bench-Top System

Instruments in place

Rack-Mounted System

Rack configured to hold instruments
Work surface installed
Foam baffling installed

Rack stahilized
Correct power plug

Instrument feet removed
Flanges attached

Instruments installed in rack
Secured in place with screws

Automatic System

Controller in place

POWER CONSIDERATIONS

PROPERLY GROUNDED AC POWER QUTLET
Operating the HP 8753A/B without proper
AC ground WILL DAMAGE THE INSTRUMENT!

All instruments set to correct line voltage
Correct fuse installed in all instruments

Rack-Mounted System

Short cables connected from rack strip to instruments
Rack connected to line power

Bench-Mounted System
Instrurments connected to line power

Line power on. Self test passed.
HP 8753B
Plotier
Printer
Controller
External disc drive
Other

gty f— — oy o
FST I S S P O S S
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Table 4. HP 87538 System Installation Checklist {2 of 2}

HP-IB CONSIDERATIONS

Power off
Cable length within listed limits

HP-1B cables connected

Controller -~ HP B753B

HP 87538 — plotter

HP 87538 — printer

HP 8753B — external disc drive
Other

Power on

Addresses checked

HP 87538

Plotter

Printer

Controiler
External disc drive

OTHER SYSTEM INTERCONNECTIONS
Systems with S-Parameter Test Set

Test set interconnect cable
Four short RF connecting cables
Test port return cables

Systems with Transmission/Reflection Test Set

Three matched cables and longer cable
Minimum loss pad for 75 ohm system

Rear Panel BNC Connectors if Used

EXT REF INPUT
AUX INPUT
EXT AM

EXT TRIGGER

ey gy gy

ey g gy Py s
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INTRODUCTION

The Operator's Check procedure tests all circuits in the HP 8753B. If the tests pass successfully, i
verifies (with approximately 80% confidence) that the HP 8753B is functioning properly. This pro-
cedure doses not verify conformance to the specifications, nor does it verify the test set or other
accessories associated with the HP 8753B.

To verify the HP 8753B individual instrument-level specifications or the system-level uncertainty lim-
its, refer to the other verification procedures available:

# (On-Site Verification is comprised of two types of tests:

System Verification, which verifies the system-level, accuracy-enhanced uncertainty limits of the
HP 8753B with a test set.

On-Site Tests, which verify selected performance parameters of the HP 8753B.

& Performance tests verify the warranted instrument-level specifications of each individual instru-
mentin an HP 8753B system. Refer to the Performance Tests section in the On-site System Service
Manual and in the test set manual.

Refer to the On-Site Verification section in the On-Site System Service Manual,

OPERATOR’S CHECK

Description

The source output of the HP 8753B is divided by a power splitter, with one output arm driving the R
input for phase locking, and the other arm driving either the A or B input (see Figure 1). A fixed coaxial
20 dB attenuator reduces the output power level so that the source may be exercised at high power
levels without exceeding the maximum input power level.

HP 8753B Operator’s Check 1



These tests exercise the source across its full frequency range at several power levels between —5
dBm and -+ 20 dBm. The receiver inputs are tested up to 3 GHz at several power levels between —31
dBm and —11 dBm, in absolute and ratio modes.

The resulting measurement must fall within a limit testing window to pass the test. The window size is
based on both source and receiver specifications, plus expected variations due to the external equip-
ment used. The characteristics tested are fisted bslow. (Note that this test does not verify the specifi-
cation limits associated with the following characteristics.)

source flatness

SOUrce power accuracy

receiver flatness

receiver absolute amplitude accuracy
receiver ratio amplitude accuracy

NOTE: This test does not test option 006 (6 GHz receiver operation) above 3 GHz. However, it does
perform an operational check on all related circuits. This testis intended to determine if the instrument
is operational. Instrument failures will likely be obvicus even with this limitation.

Eguipment Required

20 dB attenuator HP 8481A Opt. 020RF cable set, type-N {m) conneciors, both ends.

Cables must be identical {phase matched) ............. ... ... .. ..... HP 11851B
Two-way power splitter ... ... .. .. . HP 11667A Opt. 001
Procedure

NOTE: Inthis procedure, front panel keys are shown in brackets with bold print. Display softkeys are
shown in brackets and are in bold italic print.

1. Disconnect any test set from the HP 8753B. Connect the equipment as shown in Figure 1, with one
power splitter output connected to input A on the HP 87563B. Make sure all connections are tight.

2. Allow the HP 8753B to warm up for 30 minutes.

3. First, run the test for inputs R and A: press [PRESET], then [SYSTEM] [SERVICE MENU] [TESTS]
[EXTERNAL TESTS].

4. The display should show “TEST 21 R&A Op Check’ in the active entry ar:aa,

5. Press [EXECUTE TEST] to begin the test. |

6. Press [CONTINUE].

7. The fest is a sequence of nine subtests. After each subtest, the routine displays a PASS/FAIL

massage and pauses to allow you to examine the results of that subtest. At the pause, do one of
the following:

a. Press [CONTINUE] to continue on to the next subtest, or

b. Examine the test results by using the [SCALE/REF] functions and/or [MKR] functions. Then,
when you are ready to continue 1o the next test, press [SYSTEM] [SERVICE MENUJ [TEST
OPTIONS] [CONTINUE TEST].

¢. Press [ABCRT] to exit the sequence of subtests. You may wish to abort if the subtest fails. In
this case, go to step 11.
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Figure 1. Operator’s Check Equipment Setup.

8. At the end of the nine subtests, the {est title and result will be displayed. If all subtests pass
successfully, the overall test status will be "PASS”. If any subtest fails, the overall test status will
be “FAIL".

9. Next, runthe test forinputs R and B: press [EXTERNAL TESTS], then the step [ & ] key. The display
should show “TEST 22 R&B Op Check” in the active entry area.

10. Repeat steps 5 through 8, with one power splitter output connected to input B on the HP 8753B.
11. If both tests pass, the HP 8753B is about B0% verified. if either test fails:

a. Make sure the equipment is connected as shown in Figure 1. Check that all connections are
tight. Repeat the test.

b. Check the external equipment for damage. Visually inspect the connector interfaces. Verify
that the external equipment meets published specifications. Substitute new external equip-
ment, and repeat the test.

¢. Finally, suspect a problem with the HP 8753B. Refer to the Performance Tests section of the
On-Site System Service Manual for detailed tests, or see the Troubleshooting section for fault
isolation procedures.

IN CASE OF DIFFICULTY

This section describes common problems or apparent failures, as well as easy solutions that can be
performed with the instrument covers on. An operator can solve many problems easily and quickly,
with minimum HP 8753B experience and some simple tools.

If the listed solution does not seem to fix the problem, go to the Troubleshooting section in the On-Site
System Service Manual, or contact your local HP service representative.

The problems are listed below by symptom, along with a quick and easy solution.

HP 8753B Operator’s Check
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Symptom: Instrument appears dead and the instrument fan is off.

Solution: Check that the main power supply line is providing power. Check the two LEDs on the
rear panel: the green LED should be ON and the red LED should be OFF. Check that the
line voltage selector switch position matches the line power voltage (120 Vac or 240
Vac). Check the fuse (refer 1o the System Installation section).

Symptom: Display screen is blank or out of focus, but CH 1 or CH 2 LED is lit.

Solution:  Adjust display intensity or focus with front panel keys. Refer to [DISPLAY] Key in Chap-
ter 4 of the Operating and Programming Reference section and CRT Display Adjustments
in the Adjustments and Correction Constants section of the On-Site System Service Man-
ual,

Symptom: Self test fail message is dispiayed on the CRT immediately after power-on or preset.
Solution:  Contact a gualified service technician,

Symptom: Phase lock error message is displayed {this includes the “No IF Found. Check R Input
Level” message).

Solution:  Check that a sample of RF OUT (source output) power is routed to the R input {required
for operation); a power splitter or test set can be used. Check that there is not excessive
loss In this path; power level into input R must be greater than —35 dBm.

Symptom: HP 85046A/B or 85047 A test set will not switch and its front panel LEDs are not lit.
Solution:  Check the test set interconnect cable and connections between the analyzer and test
set.

Sympiom: Measurements are not repeatable, especially after measurement calibration.

Solution: Check all RF cables and connections. Visually inspect all connectors, and clean if neces-
sary (refer to the Microwave Connector Care manual, supplied in the Test Sets and
Accessories binder). Review proper connection technigues to ensure good, repeatable
connections.

Symptom: Instrument cannot be programmed via HP-IB.

Solution:  Check HP-IB cabling connections. Check that HP-IB addresses match addresses being
programmed (refer to Chapter 7 of the Operating and Programming Reference). Chack
that the HP 8753B is set to either [TALKER/LISTENER] or [USE PASS CONTROL] under
the [LOCAL] key. Check that the controller can program a known-working instrument.

Symptom: Instrument states cannot be saved or recalled from external disc.

Solution; Check HP-1B cabling connections. Check the address of the disc drive. Make sure the
HP 8753B is set to [SYSTEM CONTROLLER] under the [LOCAL] key. Check that disc
drive works normally with a controller. Initialize the disc with the HP 8753B and external
disc drive. Discs initialized on other instruments will not work. Discs initialized using MS
DOS or any other computer operating system will not work.

Symptom: Printer/plotter does hot respond to HP 8753B front panel commands.

Solution:  Check the address of the printer or plotter. Make sure the HP 87538 is set to [SYSTEM
CONTROLLER] (under the [LOCAL] key) and that the pinch wheels of the plotter are
down.
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ROUTINE MAINTENANCE

Cleaning the Fan Filter

NOTE: If using an HP 8753B with a serial prefix of 2828A and above, ignore manual references to
the fan filter.

It is recommended that you clean the fan filter regularly. How reguiarly depends on the operating
environment. It is a good idea to check it weekly and clean it as necessary. If the message, “CAU-
THON: Air Flow Restricted: Check Fan Filter” is displayed, immediately check for items on the fan that
may be impeding the air flow (e.g., a piece of paper). If nothing is on the fan, clean the fan filter as
follows: )

1. Turn OFF the instrument. Disconnect the HP-IB cables from the HP 87538 rear panel.

2. Remove the plastic fan filter retainer —use either a flat blade screwdriver or your fingers to pry it
off; it should pop off easily.

3. Clean the foam filter cover with a vacuum cleaner or shake it out thoroughly to remove the dust
and dirt.

4. Heplace the foam filter and snap on the plastic filter retainer.

Cleaning the CRT and Glass Cover

1. Remove the softkeys cover (this is the plastic cover through which the front panel softkeys
protrude} as follows:

a. On the upper or lower left corner of the softkeys cover, carefully insert a small, thin, fiat
screwdriver blade, or a fingernail, between it and the glass cover (see Figure 2 on the next
page). If you are using a screwdriver, be extremely careful not to scratch or break the glass.

b. Carefully pull the softkey cover forward and off.
2. Remove the two screws that are now uncovered.

3. Remove the display bezel assembly by pulling out the end that is now free and pivoting it around
its left edge until it is released.

4. Clean the CRT and the glass cover gently, using a soft cloth. You may need to use cleaning
solution. If so, use sparingly and use solutions recommended for optical coated surfaces. HP part
number 8500-2163 is one such solution.

5. Allow surfaces to dry before reassembling the bezel and softkeys cover.

Connector Care

For accurate and repeatable measurement results, it is essential that all connectors be cleaned and
gaged regularly, handled and stored properly, and regularly inspected for signs of damage. This not
only insures the best performance from the connectors, but alsc extends their life. This is important
for connectors on calibration and verification devices, on test ports, cables, and other devices. Refer
to the Microwave Connector Care manual, contained in the Test Sets and Accessories binder, for a
detailed description of connector care techniques. The Microwave Connector Care manual also
describes proper techniques for making connections.
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CAREFULLY INSERT A SMALL,THIN,
FLAT SCREWDRIVER BLADE OR
FINGERNAIL HERE.

Figure 2. Removing the Softkeys Cover.
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I N T R O D U C T 1 O N

The purpose of this User's Guide is to provide an
operator’s introduction to the HP 87538 RF networlk
analyzer, showing how the instrument is used for
common network measurements. Rather than being a
formal text on measurement techniques, it serves to
demonstrate many of the features and capabilities of the
HP 8753B in actual measurement situations. The example
procedures given illustrate the ease with which accurate
results can be obtained.

The reader who is fairly new to network analysis will

find Chapter 1 helpful. It presents a general procedure for
making network measurements, a procedure which is then
followed throughout the rest of this User's Guide. Tutorial
information on calibration and vector error correction is :
included to help the user make many of the decisions
necessary when setting up a measurement.

Chapters 2 and 3 illustrate the HP 8753B at work making
a variety of transmission and reflection measurements.
Chapters 4 and 5 discuss the HP 87538s Time Domain
Analysis (Option 010), and Harmonic Measurements
(Option 002) features respectively. Chapter 6 will explore
the HP 87538 test sequencing function, while chapter 7
addresses the issue of operation up to 6 GHz.

The examples have been chosen to demonstrate many of
the operating modes of the instrument over most of its
frequency range. The example device under test is a
bandpass filter although the user should be able to
adapt the techniques shown to his particular device.

The HP 87538 Operating and Programming Manual

(FIP Part No. 08753-90119) has more complete operating
information for both manual and automatic measure-
ments. Use this reference for further information on any
topic covered in this User's Guide. The Quick Operating
Guide {HP Part No. 08753-90116) provides a quick review
of the softkey mernus and manual operation in a handy,
ring-bound booklet.

Programming information is provided in the HP-IB
chapter of the HP 87538 Operating and Program-
ming Manual, in the Introductory Operating Guide
for the HP 8753B Using Series 200 and 300 Computers
(HP Part No. 08753-90117) and in the HP $753B Quick
Reference Guide (HP Part No. 08753-90118}.
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Getting Acquainted

Active Channel

ACT{VE CHANNEL

Response

g, AESPONSE

55 ) O

sk )
LFOTH

SR

Stimulus

SYIMULUS

C H A P T E R C N E

Operating the HP 87538

One of the more noticeable characteristics of the

HP 8753B is the simplicity of its front panel. Rather than
individual keys for each of the many instrument functions,
the HP 8753B uses CRT-displayed “menus” for operator
input. These menus list the possible choices for a particu-
lar function, with each choice corresponding to one of the
eight "softkeys” located to the right of the CRT.

The “hardkeys” on the front panel provide access to the
various menus, and are grouped by function.

The HP 8753B has dual trace capability with many of

the measurement and display functions independently
selectable for each trace. To modify the parameters of a
particular trace, first select either channel one or two, and
then make the desired measurement choices. Note that the
LED opposite the channel selection is lit,

The network analyzer’s receiver section is controlled with
these keys. The top three keys allow the user to choose a
measurement configuration (A, B, B/R, etc), presentation
format (amplitude and phase versus frequency, Smith
chart, polar coordinates, etc), and scale and reference
values for a full screen display.

The lower five keys in this section enhance the usability of
the measured data. The displayed traces may be overlaid,
manipulated with math function keys, averaged, normal-
ized, or read out at specific points along the trace with up
to four independent markers per channel.

These keys allow the user to define an appropriate source
output signal for the device under test. Source frequency
may be swept over any portion of the range 300 kHz to

3 GHz, at power levels between +20 and —5 dBm. The
stimulus keys can also control the start and stop times in
the {optional) time domain mode. The choices for sweep
time and resolution, linear versus logarithmic sweep,
power sweep, etc. are also selected here,



Data Entry

i ENTAY

Instrument State

INSTRUMENT STATE

o (o000

Example of Softkey Operation
IAVG]

[AVERAGING FACTOR]

(210

x1]

[AVERAGING on OFF]

In some cases it is necessary to supply numeric values for
a chosen parameter, such as frequency or amplitude. The
ten digit keypad is used to supply these values. The keys
to the left of the digits terminate the data entry with the
appropriate units. Use [G/n] (Giga/nano}, [My] (Mega/
micro}, [kim] (kilo/ milli) and [x1} (basic units: dB, dBm,
degree, second, Hz) as applicable. In addition to entering
data with the keypad, the knob can be used to make con-
tinuous adjustments, while the [ ] and [ <+ ] buttons
allow values to be changed in steps.

Several utility functions are implemented with these keys,
including instrument preset, front panel save/recall mem-
ory, HP-GL plotter control, time domain transform (op-
tional) and built-in diagnostic tests.

To average a series of twenty consecutive traces to reduce
the effects of random noise the following key sequence
may be used:

1. Press this hardkey to cause the “Average” menu to be
displayed.

2. Press this softkey to indicate that a new averaging
factor is about to be entered. Note that this causes the
current averaging factor to be displayed.

3. Enter the new averaging factor from the keypad. The
digits are shown on the display as they are entered. An
arrow appears to the right of the last digit entered. To
correct the last digit entered, press [BACK SPACE]. To begin
again, press [AVERAGING FACTOR].

4. Terminate the entry with the appropriate units. In
this case the averaging factor is unitless. The arrow to the
right of the digits will disappear and the entry becomes
effective after the units terminator is pressed.

5. Finally, turn the averaging on to see the effect on the
displayed trace. Note the change from [AVERAGING on OFF)
to [AVERAGING ON offf on the softkey label to indicate the
current averaging status. Note also that the “Avg” indicator
and the number of averaged traces below that appears to
the left of the graticule.



General Measurement Sequence

Preset
Connections
Controls

Calibrate
Device Under Test
Autoscale

Step One: [PRESET]

Even with its wide range of capabilities, the HP 87538 is
simple to operate, Common measurements can be set up
with only a few front panel selections. This section
describes a general approach to performing network
analysis measurements with the HP 8753B.

The following sequence is used throughout this User’s
Guide to illustrate the use of the HP 87538 in its various
operating modes. The individual steps are discussed in
detail in the sections that follow.

Return to a known state.

Set up the measurement,

Set up the instrument in three steps:
1. Measurement

2. Format

3. Stimualus

Remove measurement errors.
Connect the device under test (DUT),

Observe correctly scaled data.

Pressing this key at any time will return the instrument to
a well-defined state, the same as if it had just been turned
on. When the [PRESET] key is pressed the HP 8753B
performs a self test. Following successtul completion of the

self test, the instrument functions are set to the following

preset condition;

MAJOR DEFAULT CONDITIONS AT [PRESET]

Display
Measurement 51; on Channel 1
5:; on Channel 2
Format: Log Magnitude
Display mode: Dual Channel Off
Scale: 10 dB/Adiv
Reference: 0 dB, center of CRT
Stimulus
Frequency: Start 300 kHz
Stop 3 GHz
Sweep Type: Linear Frequency
Number of Points 201
Power: 0 dBm
Sweep Time: 200 msec
Receiver
IF Bandwidth: 3 kHz
Averaging: Off
Smoothing: Off
Cal Correction Off



Step Two: Connections With one output and three input ports, the HP 8753B can
be connected to the DUT in a variety of ways. Simple
insertion loss or gain measurements {B/R) can be made
with only a power splitter. Reflection measurements re-
quire a coupler or a bridge. Most applications will use
a transmission/reflection or S-parameter test set for
simultaneous measurements of the transmitted and
reflected signals.

HP 85044A/B While simple transmission and reflection measurement
Transmission/Reflection Test Get setups can be constructed from discrete RF components
such as power dividers, directional bridges, cables,
attenuators, etc., it is easier to use an integrated test set
A ™ such as the HP 85044A/B transmission/reflection test set.

O As shown in the diagram, the HP 85044A /B test set
contains the hardware required to make simultaneous
transmission and reflection measurements in the forward

® 99O direction. The only setup required is to connect the DUT

S input to the test port and the DUT output to the B input of

________ Y the HP 8753B. The HP 85044A is a 50 ohm test set and the
HP 85044B is a 75 ohm test set,

R
12 dB Attenuator
[ —C:: ower

ggagongo

[
Splitter

L) Directionas]
S Bridge

70dB

Y Variable

HP 850444 Transmission/Fieflection Test Set



HP 85046A/8 The S-parameter test set contains the hardware required
S-Parameter Test Set fo make simultaneous transmission and reflection meas-
urements in both the forward and reverse directions. The

\ only setup required is to connect the DUT to the two
measurement ports. The network analyzer controls the
© O switching functions, so that even reverse measurements
fond . . . .
= can be made without changing device connections. The
& internal switch simplifies full 2-port measurement cali-
o brations. The HP 85046A is a 50 ohm test set and the
P 99¢ HP 850468 is a 75 ohm test set.
e
i 12 dB AN

Power
Sphtter

{

DROT Relay

70 dB Directionad
Variable Bridges
Attenyater

o

Mzasursment Poris

!
X

3
E
F
3

HP B3046A S-Parameter Test Set

With the S-parameter test set connected the analyzer’s
[MEAS] menu will read in S-(scattering) parameters. Each
@ Say bz choice selects one of the four possible combinations of
g ' analyzer input modes (A/R or B/R} and test direction
(FWD or REV). For those unfamiliar with S-parameters,
Su S they correspond exactly to the more common description
terms given in the diagram below, requiring only that
the measurements be taken with all DUT ports properly

— & < & P terminated. For more information on S-parameters see
By Stz % HP Application Notes 95-1 and 154.
5- Test Set Analyzer

Parameter Definition Description  Direction Input

Sis b, go—p Input reflection  FWD A/R
a1 g coeffictert
S b, =0 Forward gain FAD B/R
4 | 9T
5. b —0 Reverse qain REV A/R
T
5. b, P Cutput reflection REV B/R
a; K coefficient
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Step Three: Controls

™ 1 MEASUREMENT
W > FORMAT
o 3 STIMULUS

® 1 MEASUREMENT [MEAS]

[

CORVERS 199
LOFF

S
BARAMETERS

START L B0G 00D Mo STOP & 000, R0 GUG M

311 lun MAG 10 abs  REF G ol Rafis FWD

5§31 4AsRY

Trono Fup
521 AR

Trone: REV
SIE A/RY

Refls REV
S22 (B/R)

ANALGG TN
A Impit

CONVERSION
COFF3

INFUT
PaRTS

SrapT L300 000 Mz ETOR A 00, B GHO b

Based on the DUT connections, select the appropriate
inputs. This menu appears for test sets other than the
S-parameter test set {e.g. the HP 85044A/B transmis-
sion/reflection test set).

These choices calculate and display ratios of two input
signals.

Use these choices for single input measurements.

Use to convert the data to impedance or admittance
parameters.

Use to select S-parameters.

This menu appears when an HP 85044A/B S-parameter
test set is connected, Note that the current measurement
selection is underlined in the softkey label area.
Choose for port 1 reflection measurements

Port 1 transmission measurements

Port 2 transmission measurements

Port 2 reflection measurements

Measures the signal at the AUX INPUT and displays
voltage on the vertical axis.

Use to convert the data to impedance or admittance
parameters.

Use to select transmission/reflection parameters (A, B,
B/R, etc).



B > FORMAT {FORMAT] Moeasurements can be displayed in a variety of formats.

o1 e WAl 10 aBs  8EF 6 B

w03 Magnitude in dB or dBm.

orase Phase angle in degrees,
Gy Swept group delay in seconds.
i Magnitude and phase on a Smith chart.
FoLan Magnitude and phase on a polar display.
Magnitude in linear ratio units,
Standing Wave Ratio (unitfess}

HMaRE

START . ZOE OCO Mide EYOR D OB, 00§

B 3 STIMULUS Next, specify the measurement frequency or frequencies.
For a narrowband measurement such as a bandpass filter,
it is usually easiest to set a center frequency and total
span; for measurements over z broader frequency range
it may be easier to choose individual start and stop fre-
guencies. The stimulus [MENU} hardkey allows additional
stimulus choices.

B11 lag MAD L e REE O af

FOWER

Choose the source output level,

BNEER

Specify minimum sweep time.
e Select the sweep trigger menu.
Ren Specify horizontal resolution between (3 and 1601 points).
et Restarts the current measurement.

COUPLES
oN off

Uncouples stimulus sweep ranges for channels 1 and 2.

o e Specify a continuous wave {CW]} frequency.

BRZER TYPR

) Select sweep type (default is linear frequency}.

BTART L PR D60 ez STHE D O3, GEA 09

10



Step Four: Calibrate Accuracy in network analysis is greatly influenced by
factors external to the network analyzer. Parts of the
measurement setup such as interconnecting cables and
test sets {as well as the instrument itself) all introduce
variations in magnitude and phase that can mask the
actual performance of the DUT.

The calibration step seeks to remove repeatable measure-
ment variations in the test setup. There are three types of
these “systematic errors:”

e Frequency Response
s Leakages
® Mismatches

The BP 87538 has several methods of measuring and
compensating for these test system imperfections. Each
method removes one or more of the systematic errors
mentioned above using a specific error model {equation).
Measurements of standard devices are used to solve for the
error terms of the model. The accuracy of the calibrated
measurements is dependent on the quality of the standards
used for calibrating. Since calibration standards are very
precise, great accuracy enhancement is achieved.

Three error models are discussed, starting with the
simplest {frequency response) and ending with the most
complete (full 2-port),
Frequency Response
e Simple
@ Requires only & “thra” for transmission
measurements
e Requires only a short or open for reflection
measurements

appnoood

A frequency response calibration removes the frequency
response and insertion loss errors of the test setup. This

Y step is also called normalization. For transmission
measurements substitute a “thru” connection for the DUT
to establish a 0 dB loss {or gain} and a 0° phase reference.
For reflection measurements substitute either an open or

me a short circuit for the DUT to establish a total reflection
Gonnaction (0 dB return loss at either 0° or 180° degree phase shift)
reference, After the standard is measured, the HP 87538
S0 gm leaws B’ KS 0 e e underlines the appropriate softkey (either short, open or

thru). Press [DONE: RESPONSE] to continue,

CONNEDT BTD THEN FRESS WEY|TO MEASURE
orEN

THRU

CHSNEY
RECPONGS

START .WOG 00T Wiz =TCRF 8 0D0.005 OO0 Hex

11



5TOF B DD0. 00D D00 Mz

. STOR B 060, 00C DED Wbz

es112s
DEEN

SHORT

LoARS

BeNE
1-PORT CAlL

CORREGT LM
n o=
INTTRPOL
CALIBRATE
ASSUME CAL

BEGUENGE

CAL KIT
{7ma)

PR HETER
{om@)

MoRE

One Port Reflection Calibration

® More accurate than the frequency response
calibration

® Requires three precision terminations (short,
open, load)

e Good choice for reflection measurements of large
reflection or high insertion loss DUTs

This calibration routine removes all three of the sys-
tematic error terms seen from a single input port for a
reflection measurement . It does not remove the mismatch
effects seen from the DUT output. These output mismatch
effects are negligible if either the reflected signal is large or
the DUT greatly attenuates the mismatch signals seen from
the output port. For example, one port reflection calibra-
tion is a good choice when measuring amplifiers or SAW
filters because they typically have large reflections or high
insertion loss, respectively. [ST1 T-PORT] and [522 1-PORT]
calibrate for reflection measurements in the forward and
reverse directions, respectively.

This reflection calibration is simple to perform. Upon
pressing either the [ST1 1-PORT] or {822 1-PORT] sottkey, the
user is asked to connect a standard open, short and load
(50 or 75 ohms). Each is measured in turn, and the results
are stored in memory. Upon completion, the HP 87538
determines the contribution of each of the three errors
terms and removes their effect from the measured data.
Note that correction is turned on when the calibration
procedure is complete.

12



THD 931 ley WA = ans REF 1 =@ JR—

LO¥ PR Twe Port Calibration

CALIBRATE:
RORE

e Most accurate calibration procedure

Resene e Requires 7 connections, 12 measurements for
Euli 2-Port

¢ Full 2-Port requires an S-parameter test set

TR TERM

S 514
" o EmPORT

This is the most complete calibration. It measures the
= three systematic errors {frequency response, leakage and
s mismatch) in both the forward and reverse directions and
o removes their effects from the measured data. It is the
most accurate calibration for both transmission and re-
flection measurements.

START . F0D COD Mtz STLR 2 GRO. UDG D08 ke

CHI S11 tep MAG 7 457 REF G 8B

- RerLEET N With an S-parameter test set (HP 85046A/B) the measure-
_— ment results can be corrected for the systematic errors as
e seen from both measurement ports. Simply press the

fsoLATION [FULL 2-PORT] softkey and follow the prompts to correct

for transmission, reflection and isolation errors. Choose

[OMIT ISOLATION] except when measuring devices with

high dynamic range (e.g. some filters and switches). The

HP 87538 has > 90 dB isolation between the measurement

ports without accuracy enhancement, For high dynamic

range measurements, connect loads fo measurement ports

1 and 2, choose an averaging factor of 10 or greater, and

select [FWD ISOLN] and [REV ISOLN] for isolation accuracy

it i a5 e oo enhancement of >100 dB.

e

DEHE
R=POKT CAL
HTAKT L EE GEO M- STEE 3 OH0. R0 00D ez

After calibration, the HP 8753B will turn correction on
and switch the source output power between ports 1 and 2

LN of the S-parameter test set for fully calibrated measure-
ments of all four S-parameters,

ISOLATE PONTS THEN PRESS NEEDED HMEY Th MEABURE

m——— i e i
S g i LA Fwh 150U~
A v 1S0L7N 510

gy ISQLN
ISDLT N ST

ISELAYION
DONE

ETART 590 CoO Wiz STOF 2 BOC. 000 202 MM

2-Port calibrations can be made without an S-parameter
test set, For example, to make a full Z-port calibration
with the HP 85044 A/B transmission/reflection test set,
select [ONE PATH 2.PORT] and follow the user prompts

to measure the reflection, transmission and isolation cali-
bration standards. 2-port calibration requires measuring
both the forward and reverse response of the DUT. Since
the transmission/reflection test set has only one port
(called the test port) the HP 8753B prompts the user to
reverse the DUT after each frequency sweep to measure
both the input and cutput response of the DUT.

13



Step Five: Connect the Device Under Test  After the test setup is calibrated, connect the device under
test and make your measurements,

Step Six: Auto Scale Obtaining a correctly scaled display is simple. From the
[SCALE REF] menu, select JAUTOSCALE]. The HP 8753B will
suva s automatically choose an appropriate scale factor and ref-
erence level for a full screen display of the measarement
results. Or use the [SCALE/DIV], [REFERENCE POSITION], and
JREFERENCE VALUE] softkeys to manually scale the display.

Cmi BF1 Jag WeU 5 @i REF 3w

Cer e

MAARE R
FERERE NCE

IS ™ PR

ELECTRICAL
i

PHAGE,
OFFSET

[ Ry

SRNTRR 134 00T S02 bz SPAN AL UBL 000 Mex

CHI S2: o MAG LGB REF 1D oB

AUTG SCALE

for BCALE/DIV

|scalE
1 ciftrai

MEFERSN0E
FOSITION

\ a e

MARKE R -
FEFENENGH

| |
/ L]

CENTER 14, 00C COC MHa SEAN 30,50 S09 MHz

SASE
I

Measurement Enhancemenis The HP 8753B RF network analyzer provides many
features that make measurements both easier and more
accurate. The internal calibration routines already dis-
cussed maximize measurement accuracy with a few addi-
tional steps per setup. This information will help you
optimize the measurement dynamic range and show how
to take advantage of the marker Functions, hardcopy
output choices, and optional time domain capability.

@ptimizing Dynamic Eange Network analyzers are often called upon to simultane-
ously measure two signals that are widely separated in
amplitude. Testing the attenuation of a filter, for example,
requires measurement of both its input and output signals,
which may differ by 80 dB or more. With 100 dB dynamic
range, the HP 8753B can make these measurements easily.
However it is important to properly select instrument
parameters to achieve this measurement range.

Dynamic range is the difference between the analyzer’s
input overload level and its broadband noise floor. For a
measurement to be valid, input signals must be within
these boundaries. Optimizing dynamic range, therefore,
involves

1. choosing the appropriate source ouiput power, and
2. reducing the analyzer's noise floor.

14



CHI BEt ey wAQ

30 SRS REF -5 d

a0 <FE QOB AR

— 4T s wex

Bor lSBURCE [POWER

5 iy

LA e
SaENTy

HEARLHE
EYARY

soupLER ol
e wté

N
I
/ i
j i ]“t*
?WMM* *{'i I -

BLORE

oLopE
on GRE

RORER TAIP
noGEE

ATTERUATOR

HORT

ATTENUATOR
PRAY &

J

B

W

CENTER 187, 6B OO0 MH2

BRAN

" ¥ AETUSN
LRG0 Mes

Signal Levels. The accompanying figures show how

test levels determine the available measurement range. The
DUT is a bandpass filter with 20 dB of rejection. In the
first case, the input power to the filter is —25 dBm. The
HP 8753B output power is set at —5 dBm and the test set
has 20 dB of insertion loss, We cannot measure the filter
cutput in the stop-band region because it is below the
analyzer's noise floor. As a result, the device appears to
have only about 75 dB of rejection.

In the second case, the input power to the filter is 0 dBm.
Now the output of the filter is —90 dBm, more than
enough for a satisfactory measurement.

You should ensure that the DUT output power is within
the measurement range of the analyzer. The HP 8753B
can measure signals in the range of 0 dBm to —100 dBm.
Measuring signals below —90 dBm requires consideration
of ways to lower the noise floor as described next,
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Noise Floor. Several approaches to noise reduction are
possible, each with its own tradeoffs.

e o R rrezrLse 1. IF Bandwidth: as shown in the figure, each tenfold
\ — reduction in IF (receiver} bandwidth lowers the noise floor
R et [ g T by about 10 dB. IF bandwidth is selectable from 3000 Hz to
i[ \i e 10 Hz, With the 10 Hz bandwidth a noise floor of —100
; \ dBm is specified. At the same time, narrower bandwidths
f \1 also necessitate longer sweep times. Sweep time is auto-
\ EMOOTH [255

}?{A i rﬁ ] Amaraee matically increased as the IF bandwidth is narrowed.
\%WJ %WF\ b L ;L FAF 'J\’W BT LG
i

| ot

=

IR BY
L3600 HxT
CERTER w7, 36O 000 shs S AN L 380 oof mHe
B2! ieg MAS 19 s REF 10 o8 PUERAGIRG
RESYART
AWERAGERD
IF HANDIWIDTH l\ FAETER
10 H3 ; \
AVERAGTNT
\ o gFF
]
‘[ ATERTURE
I
SHBATHTHE
e évl,j T i ﬁ‘v\ i
e ” i
i il 19 Had
EERTER GV, 250 200 H-lm TN L BOG A6 G

2. Averaging: the HP 8753B also can apply exponential
averaging of successive traces to remove the effects of ran-
dom noise. “Exponential” means that the trace value at
each point is composed of a weighted vector sum of the
current trace data and the data from the previous sweep.
Current data is weighted at 1/N, where N is the averaging
factor selected from the [AVG} menu. The HP 87538 dis-

plays the current averaging factor to the left of the
graticule.

3. Smoothing: although this function does not lower
the noise floor, it can make noisy signals easier to interpret
by removing trace ripple. Smoothing is often likened to
video filtering, and is different from averaging. Averaging
computes each data point based on the average value
during several sweeps. Smoothing computes each data
point based on one sweep, but on the average of a window
of several data points for the current sweep. The window
or smoothing aperture is a percent of the span swept, less
than or equal to 20%. Use smoothing with caution; too
large a smoothing aperture may distort the data,
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Markers and Marker Functions
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Numerical readout of the displayed data is provided by
movable display markers. The marker frequency (or other
horizontal axis parameter) is displayed in the active
function area in the upper left hand side of the CRT. The
power (or other vertical axis parameter) that corresponds
to the marker position is displayed in the upper right hand
side of the CRT. Many of the HP 8753B's “smart” features
involve the marker functions. By using them effectively,
measurement times can be reduced, resulting in increased
productivity. This section introduces the basic marker
capabilities. The full power of the markers is best illus-
trated in the transmission and reflection measurement
sections.

The [MKR] hardkey allows you to select up to four inde-
pendent markers, and measure absolute values along the
trace or delta values relative to another marker or a fixed
offset.

The {MKR FCTN} hardkey brings up a menu of marker
functions that allow you to change the stimulus-
parameters, search the trace for specific values, or
statistically analyze all or part of the trace.

Plot the results of the measurement directly to an HP-GL
plotter or printer. Select the [SYSTEM CONTROLLER] softkey
from the [LOCAL] hardkey menu if you do not have a com-
puter connected. Then press the [COPY] hardkey and select
the [PLOT] or [PRINT ALL] softkey. Or customize the plot
with a descriptive title, plotter pen choices, or position up
to four plots per page.

Copies the display to a printer

Copies the display to an HP-GL plotter

Select position for a quarter page plot or a full page plot
Choose to plot a subset of the display

Select pen numbers for a multi-colored plot and solid or
dashed traces

Resets the plot definition and configuration to the defaults
List the values of the active trace to a printer
List the key operating parameters

17



Basic Setup

Measuring Insertion Loss and Gain

Preset
Connections

Sl DUT

Controls

Calibrate

Device Under Test
Autoscale

C H A P T E R T W O

Transmission Measurements
with the HP 87538

The next two chapters of this User's Guide demonstrate the
many kinds of network measurements that can be made
with the HP 8753B. For each example a complete measure-
ment setup is given, following the same “generalized mea-
surement sequence” described in Chapter 1.

The examples used represent typical network measure-~
ments. The DUT used in the examples is a bandpass SAW
filter with a 134 MHz center frequency. Modify the instru-
ment setups shown to suit your particular needs. For
further information on any of the measurements shown,
refer to the HP 87538 Operating and Programuming
Manual for the most complete description of aliowable
operating modes, parameters, etc.

Many of the examples described in this chapter use the
HP 85046A/B S-parameter test set to connect to the device
under test. This approach simplifies the measurement
setup, and provides fully specified results over the

HP 8753B's frequency range. Fully specified measure-
ments can also be made using the HP 85044A/B trans-
mission/reflection test set. Or you can create your own
test setup with discrete power splitters, couplers, attenu-
ators, etc. If you use your own setup, note that the

HP 87533B requires 2 signal level at the R input in the range
of 0 to —35 dBm to phase lock the internal source.

Insertion loss and gain are ratios of the output to input
signals. When set up as shown below, the results can be
read directly in decibels.

Connect the HP 83046A/B S-parameter test set to the
network analyzer as shown in the figure,

1. Measurement 521 {(or B/R)yon CH 2

2. Format L0G MAG
3. Stimulus GCENTER 134 MHz
SPAN 30 MHz

Do a frequency response calibration. Press the [CAL]
hardkey, select [CALIBRATE MENU] then the [RESPONSE]
softkey. Connect a “thra” between measurement ports and

press [THRUJ to measure. Press [DONE: RESPONSE] to

complete the calibration.
Remeove the “thru” and connect the DUT.
Select [SCALE REF} and press JAUTOSCALE],
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The figure shows the complete response of the bandpass
filter under test, From this display you can derive several
important filter parameters. The power of the marker
functions greatly simplifies this task.

Insertion loss can be read to 0.001 dB resolution by
moving the marker to any frequency of interest. The
marker amplitude and frequency are read in the upper
right hand corner of the display.

The HP 8753B calculates the bandwidth of the DUT
between two equal power levels. In this example, we
calculate the —3 dB bandwidth relative to the filter
center frequency.

1. Press [MKR] and use the rotary knob to move the
marker to the center of the filter passband. Press [MKR
ZERO] to zero the delta magnitude and frequency. The
softkey label changes to [MKR ZERO A REF = A] to remind
vou that the delta reference point is the small A symbol.

2. Press [MKR FCTN] and select [MKR SEARCH] to enter
the marker search mode. Select [WIDTHS ON off]. The
HP 87538 caiculates the —3 dB bandwidth, the center
frequency and the Q (Quality Factor) of the DUT and lists
the results in the upper right hand corner of the display.
Markers 3 and 4 on the trace show the location of the
—3 dB points, To have the HP 8753B calculate the band-
width between other power levels, select [WIDTH VALUE]
and enter the number {e.g. [~] [6] [xi] for —6 dB). Select
[WIDTHS on OFF] and [RETURN] when you are finished with

this measurement.

The wide dynamic range of the HP 87538 allows it to
measure stopband rejection up to 110 dB below the pass-
band response. As discussed in Chapter 1, maximum
dynamic range requires proper selection of input power
level, 1F bandwidth and averaging.

Select [MKR SEARCH] to enter the marker search mode.
Select [SEARCH: MIN]. The marker automatically seeks the
minimum point on the trace. The frequency and ampli-
tude of this point, relative to the delta symbol in the center
of the filter passband, appear in the upper right hand
corner of the display.

Note that the marker search mode can be used to search
the trace for the maximum point or for any target value.
The target value can be an absolute level (e.g. —3 dBm) or
a level relative to the small delta symbol (e.g. —3 dB from
the center of the passband).

Select [SEARCH: OFF] and [RETURN] when you are finished

with this measurement.
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The power of marker statistics is illustrated in this
measurement of passband rippie. Passband ripple {or
flatness) is the variation in insertion loss over a specified
portion of the passband.

1. Press [MKR] and use the rotary knob to move marker
1 to the left edge of the passband. Select fA MODE MENU]
and [A REF = 1] to move the delta reference point to
marker T's position along the trace.

2. Select [MARKER 2] and turn the rotary knob to move
marker 2 to the right edge of the passhband.

3. Press {MKR FCTN] and select [STAIS ON off]. The
HP 8753B calculates the mean, standard deviation and
peak-to-peak variation between the markers and lists the
results in the upper right hand corner of the display. The
passband ripple is automatically given as the peak-to-peak
variation between the markers.

Select [STATS on OFF] when you are finished with this

measurement.
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Petermine pass or fail status by comparing the device
performance to limit lines on the display. In the exam-
ple to the left 2 flat limit line lets you quickly make
GO/NO GO testing decisions regarding the filter's pass-
band ripple by comparing the measurement trace to the
limit lines on the display.

To enter the limit line mode, press [SYSTEM] and select
[LIMIT MENU]. To add a new limit segment select [EDIT LIMIT
LINE], followed by JADD].

In this example, we enter a [STIMULUS VALUE] of 127 MHz
{at the start of the filter passband), an [UPPER LIMIT] of
—21 dB and a f[LOWER LIMIT] of —23 dB. The SAW filter
under test has about 22 dB insertion loss in the passband.
Terminate this segment by selecting [DOME]. Since this is a
flat limit segment select [LIMIT TYPE] and [FLAT LINE] (the
default type). Select [PRIOR MENU] to return to the limit
line edit menu.

Segment 1 specified the start frequency of the flat limit
line. Select JADD] to enter a second limit segment that
terminates this flat line. Enter a [STIMULUS VALUE] of

141 MHz (the end of the filter passband). The upper and
lower limits are copied from Segment 1. Select [DONE]

to terminate this segment. Since this terminates the limit
line select [LIMIT TYPE], then {SINGLE POINT], and [PRIOR
MENU] to return to the limit line edit menu.

You are now ready to do limit testing. Select [DONE] to
return to the limit menu. The HP 8753B draws the limit
lines on the display when you select [LIMIT LINE ON]. Select
[LIMIT TEST ONJ to activate the limit test. The HP 87538
tells you whether the DUT passes or fails the limit test
with a message along the right hand edge of the graticule.

Select [LIMIT TEST OFF] and [LIMIT LINE OFF] when you are

finished with this measurement.
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A two input ratio measurement can also provide infor-
mation about the phase shift or insertion phase of a net-
work, The HP 8753B can translate this information into
a related parameter, group delay.

Use the test setup shown for the previous measurements.
1. Measurement 821 (or B/R) on CH 1

2. Format PHASE
3. Stimulus CENTER 134 MHz
SPAN 30 MHz

Place a “thru” connection between the measurement ports
and calibrate as described in the previous setup. Remem-
ber that a single normalization is valid for both ampli-
tude and phase measurements, provided that the
frequency span is unchanged.

Remove the “thru” and connect the DUT.

Tust as in measuring insertion loss or gain, the various
marker functions {(marker search, min/max, offset, etc)
can be used to examine the details of the phase response.

The figure shows the phase response of the bandpass filter.
Notice the linear phase shift through the passband, and
the rapid fluctuations outside this region. The random
phase of the broadband noise floor causes the spurious
out-of-band response,

The HP 8753B measures and displays phase over the range
—180 to +180 degrees. As phase increases beyond these
values, a sharp 360 degree transition occurs in the display
as the trace “wraps” between +180 and —180 degrees.
This causes the characteristic “sawtooth” display usually
seen on devices with linearly increasing (or decreasing)
phase responses.
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Using the Dual Trace Display In some cases it is useful to be able to view more than
one measured parameter at a time. Simultaneous gain
and phase measurements are useful, for example, for
evaluating stability in negative feedback amplifiers. Such
measurements are easily made using the HP 8753B's dual

Cor

] -

Aiking trace display.
. I -
K e . Upon power-on or preset, channel 1 is active and channel
S pon p P
S e 2 is off. To see both channels simultaneously, press
A Y SO S L [DISPLAY] and select [DUAL CHAN ONJ. Two displays appear
T _— on the CRT, with channel 1 on the upper and channel 2 on
the lower display. The figure left shows a typical dual
e e fstiond trace display.
ERHTE, l E - i TS e
BB M. RS Pl Sometimes it is more convenient to view both channels on
) S a single graticule. From the [DISPLAY] menu, select {MORE]
and [SPLIT DISP OFF]. The figure left shows the result.
! .
MA’\\\ : INTEMSITY
i e
1 ! FOOUS

Select [SPLIT DISP OFF], [RETURNJ and [DUAL CHAN OFF]

when you are finished with this measurement.
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The HP 8753B electronically implements a function simi-
lar to the mechanical “line stretchers” of earlier analyzers.
This feature simulates a variable length lossless trans-
mission line, which can be added to or removed from a
receiver’s input to compensate for interconnecting cables,
etc. In this example, the electronic line stretcher is used

to measure the electrical length of a test device.

Use the test setup used for the previous measurement.
1. Measurement 521 (or B/R) on CH 2

2. Format PHASE
3. Stimulus CENTER 134 MHz
SPAN 30 MHz

Place a "thru” connection between the measurement ports
and calibrate as described in the first setup in this
chapter.

Remove the “thru” and connect the DUT.

The above setup results in the phase response measure-
ment shown, Note that the SAW filter under test has
considerable phase shift within only a 2 MHz span. Other
filters may require a larger frequency span to see the
effects of phase shift.

The linearly increasing phase is due to the DUT's electrical
length, which will be measured by electronically adding
length to the R input to compensate for it.

1. Activate the line stretch function by pressing {SCALE
REF] and selecting [ELECTRICAL DELAY].

2A. Next, use the rotary knob to adjust the amount of
length added to input R until the display is flat as shown.

OR

2B. Press [MKR] and use the rotary knob to position
marker 1 near the center of the screen. Press [SCALE REF]
and select [MARKER — DELAY]. The HIP 87538 adds elec-
trical length equal to the group delay {discussed next) at
the marker frequency for a flat phase response just as

in 2A above. To display the electrical length select
[ELECTRICAL LENGTH].

In this example we must add a large amount of electrical
delay due to the long electrical length of the SAW filter
under test. Note that the electrical delay is approximately
the same as the main path travel time in the time domain
example at the end of Chapter 1.
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For many networks, the amount of insertion phase is not
nearly as important as the linearity of the phase shift over
a range of frequencies. The HP 8753B can measure this
linearity and express it in two different ways: directly, as
deviation from linear phase, or as group delay, a derived
value,

This can be measured using the previous setup for measur-
ing electrical length. By adding electrical length to “flatten
out” the phase response we have removed the linear phase
shift through the DUT. What remains is the deviation
from linear phase shift through the device. Simply in-
crease the scale resolution to directly measure the devia-
tion from linear phase.

The phase linearity of many devices is specified in terms
of group or envelope delay. This is especially true of tele-
comrmunications components and systems.

Group delay is the transmission time through the DUT as
a function of frequency. Mathematically, it is the deriva-
tive of the phase response which can be approximated by
the ratio AB/360

AF
where A@ is the difference in phase at two frequencies
separated by AF. The quantity AF is commonly called the
“aperture” of the measurement. The HP 87538 calculates
group delay from its phase response measurements.

Use the setup shown for the previous measurement.
1. Measurement S21 (or B/Ryon CH 2

2. Format DELAY
3. Stimulus CENTER 134 MHz
SPAN 2 MHz

Place a “thru” connection between the measurement ports
and calibrate as described in the first setup in
this chapter.

Remove the “thru” and connect the DUT.
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Measurements to this point have all been made with a con-
stant input amplitude and swept test frequency. At times,
however, it may be desirable to characterize a device at

a single frequency as a function of input amplitude. By
using the power sweep mode, measurements such as gain
compression or AGC (automatic gain control) slope can

be made.

Use the setup shown; the HP 85046A test set is not used
because its relatively high insertion loss limits the input
signal available to drive the test device into compression.

S21 {orB/RYon CH 2

1. Measurement

2. Format LOG MAG

3. Stimulus Press MENU
W FREQ 100 MHz
{select POWER SWEEP)

START POWER —5 ¢Bm
STOP POWER +5 dBm

Substitute a “thra” in place of the amplifier-under-test
and calibrate as described in the first setup in this
chapter.

Remove the “thru” and connect the DUT.

The figure shows the gain rolling off as the input power
increases to a level where the amplifier under test exhibits
gain compression. While the +20 dBm maximum cutput
from the HP 8753B will be sufficient for many compres-
sion tests, it is also possible to add an external amplifier
in series with the source to provide additional drive.
Remember to limit the input power to the HP 8753B

to 0 dBm maximum, adding external attenuators if
necessary.
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The transmission measurements discussed in Chapter 2
are only part of the network measurements picture. Mea-
suring the return loss or reflection coefficient completes
the device characterization, and provides the basis for
calculating parameters such as impedance and SWR, This
chapter demonstrates how to set up, make and interpret
reflection measurements with the HP 8753B.

Reflection measurements require a directional device, such
as a directional coupler, in the measurement setup. This
signal separator provides a sample of the power traveling
in one direction only. For reflection measurements it is
connected as shown in the figure, allowing the power re-
flected from the DUT to be separated and measured inde-
pendently of the incident power. The ratio of these two
signals is the reflection coefficient of the DUT or, when
expressed in decibels, the return loss.

Many types of directional couplers and bridges are avail-
able to perform this function. They are differentiated by
frequency range, directivity and connector type. The most
convenient approach is {o use the HP 85046A/B S-param-
eter or 85044A /B transmission/reflection test sets as men-
tioned in Chapter 1. These test sets provide the necessary
hardware and interconnect functions for reflection mea-
surements from 300 kHz to 3 GHz. The examples in this
chapter use the S-parameter test set.

Reflection measurements involve only one port of a test
device. When the device has more than one port, care
must be taken to insure that the unused port{s) are prop-
erly terminated in their characteristic impedance (e.g. 50
or 75 ohms). If this is not done, reflections off the unused
ports will cause measurement errors.
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Measurement Accuracy

Measuring Return Loss, Reflection
Reflection Coefficient

Connect high quality terminations (loads} to all unused
ports. With the HP 85046 A/B S-parameter test set, mea-
surement port 2 supplies this termination during mea-
surements of S;; and Sz, while port 1 supplies the load
for measurements of Sy; and 5;;. All switching is auto-
matic, controlled by the HP 8753B. When using the

HP 85044 A /8 transmission/reflection test set, terminate
the unused port at the B input of the HP 87538 or with
a high quality load.

In reflection measurements, the accuracy of the final result
is highly dependent on the signal separtion device, adapt-
ers, and the DUT terminations. Systematic errors such as
the frequency response of the test setup, leakage signals,
and mismatches degrade overall measurement accuracy.
The HP 8753B's built-in calibration routines can remove
these measurement errors. The most accurate calibration
{ful! 2-port) is used In the first setup in this chapter.
Subsequent setups use the simpler 1-port calibration,

The signal reflected from the device under test is most
often measured as a ratio with the incident signal and
can be expressed as reflection coefficient and/or return
loss. These measurements are mathematically defined as:

reflection  _ reflected power _ ( rude only)
coefficient ~ incident power ~ F ‘magnitude only

= [ = 811 or Szz
{magnitude and phase}
return loss (dB) = —20 log {p}
1+
SWR # il
1 ~p
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Connect the HP 85046A /B S-parameter test set to the
network analyzer as shown in the figure.

1. Measurement S11or A/Ron CH 1

2. Format LOG MAG
3. Stimulus CENTER 134 MHz
SPAN 30 MHz

For maximum accuracy do a full 2-port calibration. Press
[CAL], select f[CALIBRATE MENU], [FULL 2-PORT], [REFLECT'N]
and follow the prompts to connect and measure an open,
short and load for port 1 {55,) and port 2 (5;;). Connect
the standards at ports 1 and 2 using any adapters or cables
that will be used in the actual measurement. Select
JREFLECT'N DONE] after measuring these six standards. Next
select [TRANSMISSION], connect a “thru” and select the four
transmission measurements one at a time. Select [TRANS.
DONE] when done. Finally, select [ISOLATION], [OMIT
ISGLATION] and [ISOLATION DONE]. Isolation accuracy
enhancement, as described in Chapter 1, is not required
for this measurement.

Connect the DUT as shown in the figure.
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The results of a typical reflection measurement are shown.
This device does not have very good match inside the filter
passband, although it does illustrate that within the filter
passband, the device matches the system impedance more
closely than outside the passband. Therefore, the reflected
signal in the filter passband is smaller than outside the
passhand. In terms of return loss, the value inside the
passband is larger than outside the passband. A large
value for return loss corresponds o a small reflected signal
just as a large value for insertion loss corresponds to a
small transmitted signal.

To display the same data in terms of reflection coefficient,
press [FORMAT] and select {LIN MAG]. This simply redisplays
the existing measurement in a linear magnitude format
that varies from I = 1.00 at the top of the display (100%
reflection) to 0.00 at the bottom of the display (perfect
match}.

To display the reflection measurement data in terms of
standing wave ratio (SWR), press [FORMAT] and select
[SWR]. The HP 8753B reformats the display in the unitless
measure of SWR with SWR = 1 {perfect match) at the
bottom of the display.
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Measuring S-Parameters S,; and S;,
in a Polar Format

After completing the full Z-port calibration you may want
to save the results for future measurements. The HP 87538
has five memory registers that you can use to store up to
five instrument states. Because instrument states can be

of varying complexities, it is possible to fill the available
memory with less than five states. For further save/

recall memory, connect a compatible disc drive (e.g.

I 91221)/5), and save the instrument state on disc.

To save the instrument state in the HP 8753B internal
memory simply press [SAVE] and select one of the five reg-
isters {e.g. select [SAVE REG 1] to save the instrument state
in register 1). After you save the instrument state, the soft-
key label changes from {SAVE REG nj to [RE-SAVE REG n].
The HP 8753B saves all the selections you made to set up
your desired measurement, such as start and stop
frequency, measurement, format, calibration, scaling and
limit lines. To recall the instrument state at some later
time, press [RECALL} and select the desired register.

The complete instrument state, except calibration data and
limit lines, remain saved if power is turned off, for at Jeast
three days. The HP 8753B saves the complete instrument
state, including the calibration data and limit lines, indefi-
nitely with power on.

These parameters are really no different from the measure-
ments made in the previous section. 54, is the complex re-
flection coefficient of the DUT input, while 5;; is the com-~
plex reflection coefficient of the DUT output. In both
cases, all unused ports must be properly terminated.

The HP 85046A/B S-parameter test set automatically
switches the measurement configuration to agree with the
S-parameter selected from the HP 87538 [MEAS} menu.
With the HP 83044A/B transmission/reflection test set, or
with a test setup constructed from discrete couplers, pads
and power splitters, it is necessary to reverse the con-
nections to the DUT between measurements of 5., and Sq;.
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Connect the HP 85046A /B S-parameter test set to the
networl analyzer as shown in the figure.

1. Measurement SHHorABonCH1

2. Format POLAR
3. Stimulus CENTER 134 MHz
SPAN 30 MHz

A one port calibration is appropriate for this measure-
ment. This cal dees not remove mismatch effects from the
DUT output, but since this device has more than 20 dB in-
sertion loss, output mismatch is attenuated enough to have
very little effect on measurement accuracy. Press [CAL] and
select [CALIBRATE MENU] followed by [ST7 1-PORT]. Connect
and measure an open, a short and a load to port 1 as
prompted by the HPP 8753B.

Connect the DUT as shown in the figure.

The results of a typical 5,1 measurement are shown, with
each point on the polar trace corresponding to a particular
value of both magnitude and phase. The center of the
circle represents a coefficient I of 0, that is, a perfect
match or no reflected signal. The outermost circumference
of the scale represents I' = 1.00, or 100 per cent reflection.
The phase angle is read directly from this display. The 3
o'clock position corresponds to zero phase angle, that is,
the reflected signal is at the same phase as the incident
signal. Phase differences of 90, 180 and 270 degrees
correspond to the 12 o'clock, 9 oclock and 6 o'clock
positions on the polar display, respectively,

The magnitude and phase of S;; or S;; are most easily

and accurately read using the markers. Use the knob to
position the marker at any desired point on the trace, then
read the frequency, magnitude and phase in the upper
right hand corner of the display. Or enter the frequency of
interest from the data entry keypad to read the magnitude
and phase at that peint. To read the marker data in either

logarithmic or real/imaginary formats, press [MKR] and
select [MARKER MODE MENU], [POLAR MKR MENUJ.
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Measuring Empedanc& The amount of power reflected from a device is directly
related to the impedances of both the device and the
measuring system. In fact, each value of the reflection
coefficient (I) uniquely defines a device impedance; I = 0
only occurs when the device and test set impedance are
exactly the same. A short circuit has a reflection coeffi-
cient of [ = 1/180° Every other value for I also corre-
sponds uniquely to a complex device impedance,
according to the equation

Zn wm
1—-r

where Zn is the DUT impedance normalized to {i.e. divid-
ed by) the measuring system’s characteristic impedance (50
or 75 ohms). The HP 8753B has a default impedance of
50 ohms. To set the impedance to 75 ohms, press [CAL] and
select [MORE], [SET Z0]. The HP 8733B uses the formula
above to convert the reflection coefficient measurernent
data to impedance data.

A Smith chart overlay on the polar display axes lets you
read the impedance data in the R + jX format, where R is
the resistive component and X is the reactive component
\ of the complex impedance of the DUT. This overlay is
: generated electronically within the HP 8753B, and is
selected from the [FORMAT] menu.

Preset

Connections Connect the HP 85046 A /B S-parameter test set to the
network analyzer as shown in the Figure.

Controls 1. Measurement S11 or A/Ron CH 1

nropgoog

2. Format SMITH CHART
g 3. Stimulus CENTER 134 MHz
SPAN 30 MHz
Calibrate Perform an S,; I-port calibration as described in the
— L ﬁu_m previous setup.
RN g f‘;ws Device Under Test Connect the DUT as shown in the figure.
ol >—% Autoscale Use of the Smith chart graticule is most easily understood
I-% N - with a fuil scale value of 1.00. From the [SCALE REF] menu,
Sirgle-Port select JSCALE/DIV], 11, IxX1.
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The display shows the complex impedance of the DUT
over the frequency range selected. Press [MKR] and use the
knob to read the resistive and reactive components of the
complex impedance at any point along the trace. Note that
the marker annotation tells that the complex impedance is
capacitive in the bottom half of the Smith chart display
and is inductive in the top half of the display.

Use the marker to read admittance parameters. From the
[MKR] menu, select [MARKER MODE MENU} and [SMITH MKR
MENU]. Note that the default selection {currently
underlined) is {R+/X MKR] for impedance marker readout.
Select [G+B MKR] for an inverse Smith chart overlay. The
marker reads the admittance data in the form G + iB,
where G is conductance and B is susceptance, both
measured in units of Siemens {equivalent to mhos).
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The HP 8753B with optional time domain analysis
{(Option 010) can display the time domain response of

the DUT. Time domain analysis is useful for isolating

a problem in the DUT in time or in distance. Time and
distance are related by the velocity factor of the DUT.
The HP 8753B measures the frequency response of the
DUT and uses an inverse Fourier transform to convert the
data to the time domain. As examples, use time domain
analysis to locate points of reflection {e.g. at connectors
and bends) along a transmission line or to separate the
individual transmission paths (e.g. main path, Jeakage and
triple travel) through a surface acoustic wave (SAW) filter.
This section introduces the time domain concept with a
SAW filter example, Chapter 3 (reflection measurements)
gives the step-by-step procedure for measuring the time
domain response of a cable.

In the example on the previous page, the transmission
response of a SAW filter is measured. The inverse Fourier
transform of that transmission measurement is also
shown. Note the three components of the transmission
response: RF leakage at near zero time, the main travel
path through the device {1.6 us travel time) and the “triple
travel” path (4.8 us travel time)}. Each of these signal paths
is illustrated in the diagram to the left.
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Time domain analysis also lets you mathematically re-
move individual parts of the time domain response to

see the effect of potential design changes. We do this by
“gating” out the undesirable responses. In the example
shown to the left we see the effect of removing the RF
leakage and the triple travel signal path using gating. By
transforming back to the frequency domain we see that
this design change would yield better out-of-band rejection
for the SAW filter under test.

To transform the data from the frequency domain to the
time domain, press the [SYSTEM] hardkey and the
[TRANSFORM MENU] softkey. Select [BANDPASS] mode to
transform the trace on the CRT from the frequency
domain to the time domain. The other time domain
modes, low pass step and low pass impulse, are described
in the HP 8753B Operating and Programming Manual.

The HP 8753B with optional time domain analysis
(option 010) can display the time domain response of the
reflection measurement data. The time domain response
of a reflection measurement is often compared with the
familiar time domain reflectometry {TDR) measurements.
Like the TDR measurement, it measures the size of the
reflections versus time (or distance). Unlike the TDR, the
HP 8753B time domain capability allows you to choose
the frequency range over which you would like to make
the measurement. With its “gating” capability, the

HP 8753B time domain lets you perform “what if” analy-
sis by mathematically removing selected reflections and
seeing the effect back in the frequency domain.
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Connect the HP 85046A/B to the network analyzer
as shown in the figure.

1. Measurement St1orA/RonCH

2. Format 1IN MAG
3, Stimulus START 300 kHz
STOP 3 GHz

Perform an S,; I-port calibration as described in the
previous setup.

Connect a test cable, with one or two adapters to make
things interesting, as shown in the figure. Terminate the
end of the cable.

The figure shows the frequency domain reflection response
of the cables under test. The complex ripple pattern is
caused by reflections from the adapters interacting with
each other. By transforming this data to the time domain,
you can determine the magnitude of the reflections versus
distance along the cable.

To transform to the time domain press [SYSTEM] and
[TRANSFORM MENU]. Select [BANDPASS] transtorm mode.
The low pass impulse mode is most similar to the TDR
but we use the bandpass mode in this example because
it is simpler. Refer to the HP 8753B Operating and
Programming Manual for a complete description of

all the time domain operating modes.

Turn the time domain transform on by selecting
[TRANSFORM ON off]. To view the time domain over

the length of the cable under test enter a start time of

0 seconds (press [START} [0] [x1]) and a stop time that corre-
sponds to the length of the cable under test. A good rule
of thumb is that the energy travels about 1 foot per nano-
second, or 0.3 meter/ns, in free space. Since most cables
have a relative velocity about 3 of the speed in free space,
and since you measure the roundtrip distance to the end
of the cable, figure about 3 ns/foot, or 10 ns/meter, for
the stop time, In this example, enter a stop time of 40 ns
(press [STOP] [4] [0} [G/n]) for a cable under test that is
about four meters long.

37



e e .- Enter the relative velocity of the cable under test. The
HP 8753B markers then read the actual round trip distance
" EegRLTr FASTOR . to the reflection of interest rather than the "electrical
s 2 length” that assumes a relative velocity of 1. Press [CAL]
and select [MORF] then [VELOCITY FACTOR]. Enter a velocity
factor for your cable under test. Most cables have
a relative velocity of 0.66 (for polyethylene dielecirics) or
}‘ ! i 1smsre 0.7 (for teflon dielectrics). If vou would like the markers
leﬂ LN . - o to read actual one-way distance rather than round trip
e’ PPN #one e distance, enter one-half the actual velocity factor,
BBl Lmwns f0w RS 0w b TES W ads Press [MKR] and use the knob to position the marker on
A the reflection of interest. Note that the marker reads the
v hanmier by . time and distance to the reflection in the upper left hand
sabe ] side of the graticule. Loosen one of the connectors to see
the corresponding reflection increase,
I z + e
i
S TR NN o
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Basic Setup

Measuring Swept Harmonics

Preset
Connections

Controls

Calibrate

Device Under Test

C H A P TE R F I V E

Harmonic Measurements
with the HP 8753
{Option 002)

In addition to measuring gain, an amplifier's harmonic
response is often measured. Traditionally, harmonic mea-
surements have been made with a signal generator, and
spectrum analyzer at a number of CW frequencies. The
HP 8753B makes it possible to make swept second and
third order harmonic measurements directly. This cap-
ability can significantly reduce component test times. To
demonstrate this 2 measurement of a preamplifier follows
(HP 10855A).

The equipment configuration used Is similar to the one
used in a transmission measurement, (Chapter 2}. This
example will step through a typical measurement of ampli-
fier gain and swept second and third order harmonic
response.

A harmonic measurement gives the ratio of harmonic
signal level to fundamental signal level versus frequency.
When set up as shown below, the results can be read
directly in decibels, (dBc).

Connect the HP 85046A /B or HP 85047A S-parameter test
set to the network analyzer as shown in the adjacent
figure.

1. Measurement 521 (or B/R)

2. Format LOG MAG

3. Stimulus START 50 MKz
STOP 1 GHz
POWER 0 dBm

ATTENUATOR PORT 1 20dB

Substitute a thru for the amplifier under test and do a
frequency response calibration. For the gain measurement
this procedure will remove the frequency response and
insertion loss errors of the test set up. For the swept
harmonic measurements there are some residual errors,
due to the difference in frequency between the
fundamental and the harmonic, that cannot be
compensated for.

Connect the DUT.

Note*

When measuring harmonics, it is suggested that you pay
close attention to the incident power on your DUT and the
HP 8753B's receiver, By correctly choosing input
attenuation and fixed output attenuator values the DUT's

harmonics will be more easily distinguished from those of
the HP 8753B.
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This figure shows gain (521) of the preamplifier.

In measuring gain we are concerned with the ratio of
output power to the input power of the amplifier.

For harmonic measurements we wish to measure the
harmonic output of the amplifier with respect to its
fundamental output. Therefore we first need to measure
the signal at the output of the amplifier alone. To do this
press [MEAS], [INPUT PORTS}, and [B]. This key seguence
will allow you to look at only the fundamental signal at
the amplifiers output.

Pressing [DISPLAY], [DATA — MEMORY], and [DATA/MEM]
stores the fundamental data in memory and lets us look at
incoming data relative to it.

In this example, changing the reference position to the top
of the screen [SCALE REF], [REFERENCE POSITION] [10] [x1]
will let us view the fundamental and harmonic responses
on the same display.

Second harmonic mode [SYSTEM], [HARMONIC MEAS],
[SECOND] displays the preamplifier’s second harmonic
response relative to that of the fundamental (dBc).

Similarly, third harmonic mode [THIRD] displays the
preamplifier’s third harmonic response relative to that of
the fundamental {dBc).

In this chapter we have quickly measured three important
amplifier parameters, gain, and second and third order
harmonic responses. Other previously discussed
measurement techniques such as the use of marker
functions (Chapter 1), limit line testing (Chapter 2), and
reflection measurements (Chapter 3} can easily be adapted
to enhance and expand the amplifier measurements
discussed in this chapter.
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Creating a Test Sequence

[SYSTEM]

[SEQUENCING MENU]
[NEW SEQ/IMODIFY SEQ]
[SEQUENCE 1}

{RECALL]
[RECALL PRST STATE]

[CENTER] [134] [M/u]
[SPAN] [30] [M/u]

L i A I 1 B AN o i FaN

Test Sequencing
with the HP 87538

In component testing it is usually necessary to repeatediy
make measurements requiring a series of keystrokes, The
HP 8753B's test sequencing function allows the user to
create, title, save, and execute up to 6 independent
sequences internally. Test sequencing can dramatically
reduce the time reguired to make a multiple step
measurement, and will all but eliminate operator error
during testing.

Creating a test sequence is virtually identical to making a
manual measurement using the HP 8753B' front panel.
Once you have entered the sequencing mode all you need
to do is make the desired measurement. The HP 8753B will
record the keystrokes it took to do so, storing them
internally where they can be called up and repeated with a
single keystroke. To demonstrate this capability a test
sequencing example follows.

The following sequence will perform the transmission
measurement previously discussed in Chapter 2, pause for
2 seconds, perform the reflection measurement previously
discussed in Chapter 3, again pause for 2 seconds and then
simultaneously display both measurements.

This simple example is chosen to illustrate the capability,
and ease of use of the HP 8753B's sequencing function.
The techniques presented can easily be applied to longer
and more complicated test procedures.

Entering test sequencing mode.
Creating a new sequence.
Choosing to store sequence in register 1.

Recalling a known instrument state,
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[MEAS]
[Trans: FWD S21 (BIR}]

[FORMAT]
JLOG MAG)

[SCALE REF]
JAUTO SCALE]

[SYSTEM]
[SEQUENCING MENU]
[SPECIAL FUNCTIONS]
[WAIT X 121 [x1]

[CH 2]

[MEAS]
[Refl: FWD S11 (A/R)]

[FORMAT]
[SMITH CHART]

[SYSTEM]
[SEQUENCING MENU]
[SPECIAL FUNCTIONS]
WAIT X] [2] [x1]

[DISPLAY]
[DUAL CHAN ON off}

[SYSTEM]
[SEQUENCING MENU]
[DONE MODIFY]

Executing a Test Sequence

Preset
Connections

Controls

Calibrate

Device Under Test

Setting measurement controls.

Displaying log magnitude.

Pausing for 2 seconds.

Displaying channel 2.

Setting measurement controls.

Displaying Smith chart.

Pausing for 2 seconds.

Display both channels simultaneously.

Completes the creation process,

We are now ready to recall and run the test sequence we
have written and stored in the 8753B.

A known state is recalled from inside the sequence.

Connect the HP 85046 A/B or HP? 85047A S-parameter test
set to the network analyzer as shown in the adiacent
figure.

All measurement controls are automatically recalled from
within the sequence.

The HP 8753B aliows you the flexibility to perform, or
recall (from external disc or internal register), any desired
calibration during the execution of a test sequence. To
maintain simplicity no measurement calibration is used in
this example.

Connect the DUT.

42



€1 By
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register 1 press the following keys.

[PRESET]
[SEQUENCE SEQ 1}

When the test sequence has been completed the adjacent
configuration will be displayed on the CRT.

In this very simple example a measurement requiring 30
keystrokes was replaced with just 1. A more complicated
measurement would further increase instrument
productivity, and reduce possibility for operator error,

Int addijtion the test sequencing function provides if/then
decision capability and operator prompts, and can
incorporate all of the HP 8753B's standard and optional
features (i.e. marker functions, limit testing, harmonic
analysis).

In an automated testing environment, where many test
sequences may be required, external storage/recall of
sequences can be used to further enhance the HP 8753B's
productivity in a testing environment.

The HP 8753B allows you to cascade multiple sequences o
perform longer or more complicated testing procedures.

This feature also allows you to send HP-IB output strings
to control external devices, such as signal generators,
power supplies or relay actuators.
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6 GHz Receiver (Option 006)

Equipment required for
6 GHz operation

HP 85047 A 6 GHz
S-Parameter test set
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peration up to 6 GHz

oHP 87538 with (Option 006).
sHP 85047A 6 GHz S-parameter test set.

This option extends the upper frequency limit of the

HP 8753B's receiver to 6 GHz. Option (006} also controls
the frequency doubler in the HP 85047A S-Parameter
test set.

To activate frequency doubler mode press [SYSTEM], [FREQ
RANGE 3GHz 6GHz] or [PRESET), [FREQ RANGE 3GHz 6GHz], on
the front panel of your option (006} equipped HP 8753B.
Once activated, the frequency doubler in the HP 85047A
S-parameter test set {shown in the adjacent figure),

changes the frequency range of the signal output to the
DUT from {300 kHz - 3 GHz) to (3 MHz - 6 GHz).

Below 3 GHz the maximum output power at the test
ports is nominally 18 dBm. In frequency doubler
mode the maximum output power at the test ports is
nominally 3 dBm.

The HP 85047A S-parameter test set has less insertion loss
and offers greater maximum power to the test ports than
both the HP 85046A, or HP 85044 A test sets.
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User's

The User’'s Guide is initially packaged with the getting started docu-
ments shipped with the HP 8753B. When not using the guide, you may
piace it here for future reference.
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Network analyzers are traditionally used to measure the
transmission and reflection characteristics of components,
circuits, and devices. This note describes how the HP 8753
vector network analyzer accurately and efficiently characterizes
RF amplifiers.

The HP 8753 easily measures commonly specified, amplifier
scalar parameters: gain, gain compression, isolation, return loss
(SWR), and gain drift versus time. Built-in phase measurement
capability allows characterization of an amplifier's deviation
from linear phase, group delay, and complex impedance.
Knowledge of both magnitude and phase characteristics is
needed for successful higher-level component integration.

Besides phase measurement capability, the HP 8753 offers
other advantages over a scalar system for amplifier characteriza-
tion. The HF 8753 employs a tuned receiver which improves
dynamic range, sensitivity, and eliminates unwanted spurious
responses. The instrument also offers accuracy enhancement
which dramatically reduces systematic errors for more precise
characterization,

Additional capabilities with the
HP 87538

Harmonic distortion is often specified to describe
amplifier non-linear behavior. The HP 8753B Network
Analyzer with harmonic measurement capability, option
002, can quickly and easily determine swept amplifier
harmeonic levels over a broad range,

The HP 87538 offers several other powerful enhance-
ments to increase amplifier measurement productivity and
capability. By employing an HP 85047A S-parameter Test
Set with 6 GHz receiver, Option 006, complete forward
and reverse characteristics of an amplifier can be deter-
mined up to 6 GHz, Two-tone third order intermodulation
measurements are possible with the instrument by employ-
ing two external sources. In fact, the HP 8753B offers
several new instrument medes which allow measurements
on frequency translation devices such as mixers. Refer to
Product Note 8753-2, Mixer Measurements using the
HP 8753B {HP lit. no. 5956-4362), for a discussion on
these measurements, Complex tests can be performed auto-
matically with a single keystroke using the test sequence
function. Power meter calibration enables the HP 8753B's
source to be leveled at the input or output of an amplifier.

In this product note, measurements are detailed in easy
to foliow, step-by-step procedures. Accuracy considerations
are covered for each measurement. Finally, an appendix
discusses S-parameter test set considerations,




Amplifier
definitions

This section contains brief descriptions
of the amplifier parameters that can be
measured using the HP 8753 R¥ vector
network analyzer.

Gain

Amplifier gain is defined as the ratio of
the amplifier output power delivered to a
Z, load to the input power delivered from
a Z, source, where 7, is the characteristic
tmpedance in which the amplifier is used
{50 ohms in this note}. In logarithmic
terms, gain is the difference in dB between
the output and input power levels.

Since variations in frequency response
represent distortion, “gain flatness” is
often specified over the frequency range of
the amplifier.

Reverse isolation

Reverse isolation is the measure of
transmission from output to input. The
measurement of isolation is similar to the
measurement of small signal gain, except
that the stimulus signal is applied to the
ampiifier’s output.

(Gain versus time

Gain versus time is defined as the varia-
tion of gain in time, with al! other
parameters held constant. Stabiiity can be
affected by changes in the amplifiers
active devices occurring over time, This
parameter is typically specified in maxi-
mum variation in gain over a given time
interval, Often, gain is investigated with
respect to other parameter changes, such
as temperature or humidity.

Deviation from linear phase

Ideally, the phase shift through an
amplifier is a linear function of frequency.
The amount of variation from this
theoretical phase shift is known as its
deviation from linear phase (also called
phase linearity).

Group delay

Group delay is a measure of transit time
through an amplifier at a particular
frequency. It is defined as the derivative
of the phase response with respect to
frequency. The HP 8753 has the ability to
derive the group delay from the measured
phase response.

Return loss/SWR

A commonly specified parameter is the
quality of the match at the input and out-
put of an amplifier relative to the system
characteristic impedance. Impedance
parameters are defined by the following
equations:

F'=Vieflected / Vincident =2 L©
Return Loss = —20logqf
SWR =1+ p

T,

Complex impedance

The complex impedance of an ampiifier
consists of both a resistive and a reactive
component, It is derived from the charac-
teristic impedance of a system and the
reflection coefficient by the following
equation:

Z=1+1%Z,
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Gain compression

An amplifier has a region of linear
gain, where the gain is independent of
input power level. This is commonly
referred to as “small signal gain” As the
input power is increased to a level that
causes the amplifier to saturate, gain
decreases, resulting in the “large signal”
response (see Figure 1-a).

(&

Power (dBm}

input Power {dBm)
&)

Gair: {dB)

input Power (dBm)

Figure 1. Typical amplifier’s chavacteristics: {a)
outplt power versus inputl power and (b) gain
versus input potwer.

In this note, gain compression is deter-
mined by measuring the amplifier's 1 dB
gain compression point(P14g). This is the
point where the output power drops 1 dB
relative to the small signal gain (see Figure
1-b). This is a common measure of an
amplifier's power output capability.

Harmonic distortion

(HP 8753B)

Due to inherent non-linearities, an
amplifier generates additional responses at
integer multiples of the stimulus fre-
quency. The integer number determines
the order of the harmonic. For example, if
the harmoenic frequency is equal to three
times the fundamental frequency, it is
known as the third harmonic: Harmonic
level is defined as the difference in abso-
lute power between the fundamental and
the harmonic, expressed in dBc (dB rela-
tive to carrier}, for a specified amplifier
input or output power.

Two-tone intermodulation
distortion (HP 8753B)

When two or more sinusoidal frequen-
cies are applied to an amplifier, the out-
put contains additional frequency
components called intermodulation
products. For an amplifier with input
signals at frequencies £ and to, the output
will contain signals at the following
frequencies: nf; + mf; where
nm=0, +—1, +-2, +—3 ... The
order of the intermodulation distortion
product is defined as i = |n| + [m]|.
Third order products (i = 3) are a major
concern because of their proximity to the
fundamental frequencies {see Figure 2),

Figure 2. Two-tone tird order intermodulation
products,



Measurements

Equipment required

The following equipment is typically
required for the measurements described
in this note. Other configurations can also
be used:

e HP 87538 Network Analyzer/

Opt. 002

¢ Test Set: HP 85044A, 85046A/B,

85047A

¢ Calibration Kit

& Test Port Cables

e Coaxial Attenuators, as needed

» HP-IB Cables

@ Bias Supply

@ Power Meter and Sensor

© Test Amplifier such as the HP 10855A

Preamp

The HP 10855A has the following
specifications.

Frequency range: 2 MHz to 1300 MHMz

Gain: 24 dB typical

Output power for 1 dB compression: 0 dBm

All measurements described in this
rote, except for two-tone third order
intermodulation, use the HP 87538
Network Analyzer configured with the
HP 85046A 50 ohm S-parameter test set.
Wherever the instrument is referred to as
the HP 8753, either the HP 8753A or
8753B can be used to make the measure-
ment equally well. Those unfamiliar with
the test configuration are advised to read
the appendix before continuing. It
contains a description of the HP 85046A
and 85047 A test sets and shows signal
attenuation through each test set and the
corresponding power at the ports. Also
included are general guidelines for select-
ing proper attenuation, as well as the
HP 8753 parameters needed for proper test
setup design.

The reader should be familiar with
general network analyzer operation,
including the different calibrations avail-
able to enhance measurement accuracy.
Refer to the HP 87538 User’s Guide (HP
part no, 08753-90007) or the HP 87538
System QOperating and Programming
Marnual (HP part no. 08753-90119} for
a complete description of instrument
operation and the calibration sequences
available,

For power meter calibrations, an
HP 4364, 4378, or 438A can be used. A
power sensor such as the HP 8482A is
also required.

In the following measurement proce-
dures, the HP 8753 front panel keys such
as [DISPLAY] appear in brackets with
bold type. The “softkeys”, labeled on the
CRT, also appear in brackets but with
bold italic type {e.g., [LOG MAG]).

Linear
measurements

The following linear measurements can
be made with a single connection to the
S-parameter test set (see Figure 3}, A full
two-port calibration vields the most
accurate results. Before calibration, set the
measurement parameters to their desired
values. It may be appropriate to step
through some of the measurements before
performing the calibration to ensure
proper stimulus settings. Power levels at
the various ports are of primary concern
when measuring the linear transmission
and reflection characteristics of ampli-
fiers. If external attenuation is needed, cal-
ihrate with the attenuator in the system to
remove its effects.

Transmission measurements

Transmission measurements can be
made using the basic setup shown in
Figure 3. An external attenuator at the
amplifier output may be necessary to keep
the power level at the B receiver input
below the maximum level (0 dBm} for gain
measurements. The test set attenuator,
accessed through the HP 8753, affects
only the source power path.

Both gain and isolation measurements
are possible with the same stimulus set-
tings by choosing a source power level for
the reverse isolation measurement, then
using the test set attenuator to reduce the
power at the amplifier input for linear
gain measurements.

nopoonng

Port #

Port 2

Figure 3. Basic setup for amplifier measurements
using the HP 8753 with a S-parameter test set.



Amplifier
definitions

This section: contains brief descriptions
of the amplifier parameters that can be
measured using the HP 8753 RF vector
network analyzer.

Gain

Amplifier gain is defined as the ratio of
the amplifier output power delivered to a
Z, load to the input power delivered from
a Z source, where Z, is the characteristic
impedance in which the amplifier is used
{50 chms in this note), In logarithmic
terms, gain is the difference in dB between
the output and input power levels.

Since variations in frequency response
represent distortion, “gain flatness” is
often specified over the frequency range of
the amplifier.

Reverse isolation

Reverse isolation is the measure of
transmission from output to input. The
measurement of isolation is similar to the
measurement of small signal gain, except
that the stimulus signal is applied to the
amplifier’s output.

Gain versus time

Gain versus time is defined as the varia-
tion of gain in time, with all other
parameters held constant. Stability can be
affected by changes in the amplifier's
active devices occurring over time, This
parameter is typically specified in maxi-
muimn variation in gain over a given time
interval. Often, gain is investigated with
respect to other parameter changes, such
as temperature or humidity.

Deviation from linear phase

Ideally, the phase shift through an
amplifier is a linear function of frequency.
The amount of variation from this
theoretical phase shift is known as its
deviation from linear phase (also called
phase linearity}.

Group delay

Group delay is a measure of transit time
through an amplifier at a particular
frequency. It is defined as the dertvative
of the phase response with respect to
frequency. The HP 8753 has the ability to
derive the group delay from the measured
phase response.

Return loss/SWR

A commonly specified parameter is the
quality of the match at the input and out-
put of an amplifier relative to the system
characteristic impedance. Impedance
parameters are defined by the following
equations:

I"= Vieflected / Vincident = £ L©
Return Loss = —20logy 4P
SWR =1 + p

1-p
Complex impedance

The complex impedance of an amplifier
consists of both a resistive and a reactive
component. It is derived from the charac-
teristic impedance of a system and the
reflection coefficient by the following
equation:

Z=1+T"%Z,

1T

Gain compression

An amplifier has a region of linear
gain, where the gain is independent of
irput power level. This is commonly
referred to as “small signal gain” As the
input power is increased to a level that
causes the amplifier to saturate, gain
decreases, resulting in the “large signal”
response (see Figure 1-a).

{a)

Power (dBm)

Input Power {dBm)
by

Gain (dB}

Input Power (¢Bmy)

Figure 1, Typical amplifiers characteristics: {a)
output power versus input power and (b) gain
versus input power.

In this note, gain compression is deter-
mined by measuring the amplifier’s 1 dB
gain compression point{l’y ). This is the
point where the output power drops 1 B
refative to the small signal gain (see Figure
1-b}. This is a common measure of an
amplifier's power output capability.

Harmonic distortion

(HP 87538)

Due to inherent non-linearities, an
amplifier generates additional responses at
integer multiples of the stimulus fre-
quency. The integer number determines
the order of the harmonic. For example, if
the harmonic frequency is equal to three
times the fundamental frequency, it is
known as the third harmonic. Harmonic
level is defined as the difference in abso-
lute power between the fundamental and
the harmonic, expressed in dBc (dB rela-
tive to carrier), for a specified amplifier
input or output power.

Two-tone intermodulation
distortion (HP 8753B)

When two or more sinusoidal frequen-
cies are applied to an amplifier, the out-
put contains additional frequency
components called intermodulation
products. For an amplifier with input
signals at frequencies £ and f5, the output
will contain signals at the following
frequencies: nfy -+ mf where
nm =9, +—1, +—2, +-3 ... The
order of the intermodulation distortion
product is defined asi = |n| -+ |m|.
Third order products (i == 3) are a major
concern because of their proximity to the
fundamental frequencies (see Figure 2).

Figure 2. Rvo-tone third order intermodulation
products,



Measurements

Equipment required

The following equipment is typically
required for the measurements described
in this note. Other configurations can also
be used:

e HP 87538 Network Analyzer/

Opt. 002

o Test Set: HP 85044A, 85046A/B,

85047A

® Calibration Kit

¢ Test Port Cables

® Coaxial Attenuators, as needed

& HP-IB Cables

¢ Bias Supply

¢ Power Meter and Sensor

e Test Amplifier such as the HP 10855A

Preamp

The HP 10855A has the foilowing
specifications.

Frequency range: 2 MHz to 1300 MHz

Gain: 24 dB typical

Qutpat power for 1 dB compression: 0 dBm

All measurements described in this
note, except for two-tone third order
intermodulation, use the HP 87538
Network Analyzer configured with the
HP 85046A 50 ohm S-parameter test set.
Wherever the instrument is referred to as
the HP 8753, either the HP 8753A or
87538 can be used to make the measure-
ment equally well. Those unfamiliar with
the test configuration are advised to read
the appendix before continuing. It
contains a description of the HP 85046A
and 85047A test sets and shows signal
attenuation through each test set and the
corresponding power at the ports. Also
included are general guidelines for select-
ing proper attenuation, as well as the
HP 8753 parameters needed for proper test
setup design.

The reader should be familiar with
general network analyzer operation,
including the different calibrations avail-
able to enhance measurement accuracy.
Refer to the HP 87538 lser's Guide (HP
part no. 08753-90007) or the HP 87538
System Operating and Programming
Manual (HFP part no. 08753-90119} for
& complete description of instrument
operation and the calibration sequences
available,

For power meter calibrations, an
HP 436A, 4378, or 438A can be used. A
power sensor such as the HF 8482A is
also required.

In the following measurement proce-
dures, the HP 8753 front panel keys such
as [DISPLAY appear in brackets with
bold type. The “softkeys”, labeled on the
CRT, also appear in brackets but with
bold ialic type {e.g., [LOG MAG)).

Linear
measurements

The foliowing linear measurements can
be made with a single connection to the
S-parameter test set (see Figure 3). A full
two-port calibration yields the most
accurate results. Before calibration, set the
measurement parameters to their desired
values. It may be appropriate to step
through some of the measurements before
performing the calibration to ensure
proper stimulus settings. Power levels at
the various ports are of primary concern
when measuring the linear transmission
and reflection characteristics of ampli-
fiers. If external attenuation is needed, cal-
ibrate with the attenuator in the system to
remeave its effects.

Transmission measurements

Transmission measurements can be
made using the basic setup shown in
Figure 3. An external attenuator at the
amplifier output may be necessary to keep
the power level at the B receiver input
below the maximum level {0 dBm) for gain
measurements. The test set attenuator,
accessed through the HP 8753, affects
only the source power path.

Both gain and isolation measurements
are possible with the same stimulus set-
tings by choosing a source power level for
the reverse isolation measurement, then
using the test set attenuator to reduce the
power at the amplifier input for linear
gain measurements,

gumnaoeg

Port 2
{

Port 1

Figure 3. Basic setup for amplifier measuremernts
using the HP 8753 with a S-parameter fest set.




NOTE: When measuring high gain ampli-
fiers, it is possible to overload one
of the receiver inputs on the HP 8753
(> 0 dBm). When this happens, a P! will
appear on the left of the screen and a
power trip condition will occur. This
forces the source power to be reset to its
minimum value {—5 dBm) regardless of
the user-specified level. You should then
either add more attenuation to the output
of the amplifier, or reduce the RF power
of the source before repeating the
measurement. The following keystroke
sequence furns power trip off:

[MENU]

[POWER]

[POWER TRIP on OFF]

Small signal gain

Small signal gain is the gain in the
amplifier’s Hinear region of operation. This
is typically measured at a constant input
power over a swept frequency. Figure 4
shows an example swept frequency gain
measurement,

ek
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Figure 4. Small signal gain measurement.

Measurement procedure

1. Connect the system as shown in Figure 3.
Preset the HP 8753 to return the instru-
ment to a known state of operation.
[PRESET]
CAUTION: At preset, the source power
level is set to its defauit vaiue of 0 dBm
and the internal attenuator for port 1 is
set to 0 dB. The preset power level availa-
ble at port 1 is dependent on the test set
used (see Appendix for details}, If the
amplifier under test could be damaged by
this power level or will be operating in its
non-linear region, it should not be con-
nected untif these parameters are set to a
desirable level.

2. Choose measurement parameters and
perform a calibration. When an attenua-
tor is used on the output of the amplifier,
calibrate with it in the system. Remember
to consider power levels needed for the
reverse isolation measurement when set-
ting the source power and test set
attenuation.

ISTART] [20] iM/ul

{STOP] [2] [G/n]

IMENU]

[POWER] 5] [x1]

[ATTENUATOR PORT 1]130] [x1]

IMEAS]

[521 [B/R]]

{[FORMAT]

[LOG MAG]

Perform a measurement calibration.
The instrument state can be saved for later
measurements.

[SAVE]

ISAVE REG 1]

3. Connect the device and apply bias.

4. Scale the display for optimum viewing
of the amplifier’s gain. Alternatively, the
TAUTOSCALE] softkey can be used to set
the scaling parameters automatically,
although it may be preferable to control
these manually.

ISCALE REF]

[REFERENCE VALUE] [20] [x1}

ISCALE/DIV] [5] [x1]

5. Use a marker to measure the small sig-
nal gain at a desired frequency.

[MKR]

Rotate the knob until the marker is set.
6. Measure the gain variation or ripple in
the frequency range. Set two markers on
the trace to define the start and stop of
the frequency range of interest, then use
the marker statistics function to view
peak-to-peak ripple (see Figure 4).

IMKR]

Position marker 1.

[MKR ZERO]

[MARKER 2]

Position marker 2,

[IMKR FCTN}

[STATS ON off]

Reverse isolation

Reverse isolation can be measured with
the small signal gain setup and procedure,
with some modifications.

The RF stimulus signal is applied to
the outpuf of the amplifier. When the
FiI? 85046/ 7A test set is connected, this
can be done from the front panel of the
HP 8753 by simply measuring 512. The
external attenuator on the amplifier -
output is not needed since the signal path
now exhibits loss instead of gain.

For amplifiers with very high isolation,
measurement sensitivity can be improved
by emploving averaging or by reducing
the IF bandwidth of the HP 8753.

STAAT  Ro,000 DG4 sy »

Figure 5. Reverse isolation measurement.

Gain versus time

Gain variation in time, with all other
parameters held constant, is sometimes
referred to as gain drift. The HP 8753
allows fixed frequency measurements to
be made over 100 ms to 24 hour time
intervals. This measurement uses the
standard setup of Figure 3. An exampte
piot of an amplifier’s gain drift over a
10 minute interval is shown in Figure 6.

Often, gain is investigated with respect
to other parameter changes, such as tem-
perature or humidity. The procedure
described can be modified to be used with
an external controller to vary tempera-
ture, for example.

5 ape

Figure 6. Gain versus time measurement.



Measurement procedure

1. Connect the instrument as shown in
Figure 3.
2. Preset the instrument and measure 521
in log format.

{PRESET]

IMEAS]

/521 [B/R]]

[FORMAT?

{LOG MAG]
3. Enter the desired fixed frequency.

[MENU}

{CW FREQ {5001 [M/u}
4. Modify the parameters such that the
amplifier operates in its linear region.

[MENU]

[POWER] [5] [x1]

[ATTENUATOR PORT 1] [30] [x1]
5. When calibrating in the CW time
mode, if the desired measurement sweep
time is long the user may specify a shorter
calibration time, in this case four seconds,

[STOP] {4} [x1]
6. Use a single sweep for the calibration
and measurement.

[MENU}

{TRIGGER MENU]

{SINGLE]

Perform a response calibration.
7. Connect the amplifier under test and
apply bias. A 10-minute sweep was used
for this measurement. The analyzer will
display a C7 to indicate that a source
parameter has been changed.

[STOP] {10] [: h:mis) 10] [x1]

[MENU]

[MEASURE RESTART]
8. Scale the display to see the gain
variations with time.

[MKR] [0] [x1]

[SCALE REF}

[MARKER — REFERENCE]

[SCALE/INV][.2] [x%]
9. Use marker statistics to measure the
maximum peak-to-peak variation in gain
over the time interval.

[MKR FCTN]

{STATS ON off]

Phase measurements

Transmission phase measurements are
made with the same setup as magnitude
transmission measurements (Figure 3). For
cases such as complex impedance, both
magnitude and phase are displayed simul-
taneously. Power levels and number of
points are both considerations when
measuring phase.

Deviation from linear phase

The deviation from linear phase
measurement employs the electrical delay
capability of the FP 8753 to add electrical
delay to the amplifier to remove the linear
portion of the phase shift {see Figure 7).

1 Ereae a6 oy AEF o ¢ 4 L]
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Figure 7. Deviation from linear phase
nieasurement.
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Figure 8. Expanded plot allows fine-tuning of
the electrical delay,

Measurement procedure

1. Foliow the first two steps in the Small
Signal Gain Measurement Procedure.
Display the phase response of the
measurement,

[FORMAT]

[PHASE]

2. Scale the display.

[SCALE REF}

[SCALE/DIV] (20} [x1]

3. Place a marker in the center of the
amplifier bandwidth and activate the elec-
trical delay function.

[MKR FCTN]

Position the marker with the knob.

[MARKER — DELAY]

4. Expand the scale and fine-tune the elec-
trical delay to flatten the phase near the
center of the passband (see Figure 8).

[MARKER — REFERENCE]

[SCALE REF!

[SCALE/DIV] 2] [x1}

[ELECTRICAL DELAY]

Adjust electrical delay to flatten the
response. By flattening the phase response
we have effectively removed the linear
phase shift through the amplifier under
test. The deviation from this linear phase
shift remains.

Group delay

Group delay, like deviation from linear
phase, is a measure of amplifier distor-
tion. The HP 8753 calculates group delay
from the phase and frequency information
and displays the results in real time {see
Figure 9). It is important to keep the phase
difference measured between two adjacent
frequency points less than 180° Other-
wise, incorrect group delay information
may result. The test setap of Figure 3 is
again employed.
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Figure 9, Group delay measurement: {a} with
mmimumn aperture and (b) with increased
aperture,

Measurement procedure

1. Follow the first two steps in the Small
Signal Gain Measurement Procedure. If the
instrument state was saved, recall it from
memory.

[RECALL]

[RECALL REG 1]
2. Display the group delay response of the
ampilifier under test.

[FORMAT!

[DELAY]

[SCALE REF}

[AUTOSCALE]
3. This measurement may require a
specific group delay aperture. The mini-
mum aperture is equal to the frequency
span divided by the number of points
minus one {see Figure 9-a). Aperture can
be increased from the minimum by vary-
ing the smoothing aperture. Increasing the
aperture reduces the resolution demands
on the phase detector and permits better
group delay resciution {see Figure 9-b}.

[AVG]

[SMOOTHING ON off]

[SMOOTHING APERTURE]

Adiust aperture as needed.




Reflection measurements

Reflection measurements can be made
with the same setup as transmission meas-
urements (Figure 3). If external attenua-~
tion is needed for gain measurements,
calibrate with the attenuator in the system
to remove its effects. Since reflection
measurements involve loss instead of gain,
power levels are fower at the receiver
inputs. Therefore, it may be necessary to
increase power levels for reflection
measurements.

Alternatively, reduce the noise level by
decreasing the IF bandwidth or by
emploving averaging.

Return loss, SWR, and reflection
coefficient

Return loss, standing wave ratio (SWR},
and reflection coefficient {} are com-
monly specified for the amplifiers input
and oufput ports. With the HP 8753,
scalar reflection measurements can be
displayed as return loss in dB, SWR, or p.

With the internal switching capabilities
of the HP 85046/7A test sef, you can
switch between displaying the input reflec-
tion and output reflection with the touch
of a key; no rearrangement of the test
setup is required. Figure 10 shows an
example amplifier input return loss
measurement.

cHs ag

Hgure 10. Input return loss measurement.

Measurement procedure

1. Connect the instruments as shown in
Figure 3 and preset the network analyzer.

[PRESET!
2. Set source power and attenuation such
that the amplifier operates in its linear
region and power levels incident to the
receiver inputs are below the maximum
level. Also set all other stimulus
parameters.

[MENU]

[POWER][5} [x1}

[PORT 1 ATTENUATOR] [30] [x1]

[START] [20] IM/u]

[STOP] [2} [G/n]
3. Since reflection measurements are very
sensitive to mismatches, a full 2-port cali-
bration is recommended, A full 2-port cal-
ibration removes the effects of source
and load match, directivity, and frequency
response. Perform the calibration.

Alternatively, if a 2-port calibration
was performed with suitable stimulus
parameters for the small signal measure-
ment, recall that instrument state.

[RECALL]

[RECALL REG 1]
4. If low level signals are being measured,
reduce the IF bandwidth.

[AVG]

HF BW]

[300] [x1}
5. Connect the amplifier under test and
apply bias.
6. Display 511 on channet 1.

[MEAS!}

{511 [A/R]]
7. View the different reflection formats
and scale as necessary. View return loss.

IFORMAT)]

[LOG MAG]

View standing wave ratio.

[SWR]

View reflection coefficient, p.

[LIN MAG]
8. Now view return loss, SWR, or p at the
amplifier’s output port.

[MEAS]

{822 [B/R]]

Repeat step 7.

Complex impedance

Because the HIP 8753 measures phase as
well as magnitude, complex impedance is
easily determined once the instrument is
configured to make reflection measurements,
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Figure 11, Complex impedance measurement.

Measurement procedure

1. Perform the Return Loss Procedure,
2. Display the output impedance by meas-
uring 522 in Smith chart format. Figure
11 shows amplifier output impedance.
Markers used with this format display
R + jX. In fact, the reactance is displayed
as equivalent capacitance or inductance
at the marker frequency.

IMEAS]

[S11 [A/R]]

[FORMAT]

[SMITH CHART]
3. View the complex reflection coefficient,
I. Polar format markers display linear
magnitude and phase.

[FORMAT]

{POLAR]



Non-linear
measurements

These measurements, with the exception
of gain compression, are not usually
associated with network analyzers.
However, the HP 8753 offers some added
capabilities which allow some non-linear
measurements to be made. Due to the
nature of non-linear measurements,
measurement calibrations are not
applicable. The exception is gain
compression measurements where
frequency response errors can be removed
from the system.

Gain compression

There are two ways to measure ampli-
fier gain compression using the HP 8753.
The first method, swept frequency gain
compression, shows how to find the
frequency at which 1 dB gain compression
first occurs. The second method, swept
power gain compression, shows the
reduction in gain as a power ramp is
applied to the amplifier under test.

Swept frequency gain compression

This measurement allows the user to
easily determine the frequency at which
1 dB gain compression first occurs (Figure
12}. This is accomplished through
normalization to the small signal gain and
by observing compression as the drop
from the reference line as input power is
increased. This frequency can in turn be
used as the fixed frequency for a swept
power compression measuremert, dis-
cussed in the next section.

The output power of the amplifier can
be displayed on channel 2 to easily
determine Pyqp. Alsc, a power meter
calibration, available with the HP 87538,
impreoves the accuracy of this measure-
ment by setting input power precisely, For
a discussion of power meter calibration,
see the HP 87538 System Operating and
Programming Manual.

Gmy s, 2
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Figure 12. Swept frequency gdain compression
measurernent.

Measurement procedure

1. Connect the instrument as shown in
Figure 13. Preset the instrument. Channel
1 will display the frequency for which
1 dB gain compression first occurs.
Channel 2 will display amplifier output
power to allow easy determination of the
1 dB gain compression output power.

[PRESET]
2. Set measurement stimulius parameters.

[MEAS]

{521 [B/R}J

[START] [20] [M/u]

ISTOP] [1.3] [G/n]

{MENU]

{POWER]

[ATTENUATOR PORT 1]{20] [x1]
3. Since the output power of an amplifier
is important, the loss through the test set
between the amplifier output and the
receiver input needs to be characterized,
To do this, first perform a response
calibration on channel 2 as shown in
Figure 13.
NOTE: When using the HP 85044 test set,
steps 3 and 4 can be omitted since the
amplifier's output is connected directly te
the HP 8753 receiver input.

[CH 2]

[MEAS]

{521 [B/R]!

[CAL]

{CALIBRATE MENU]

{RESPONSE]

[THRUJ

[DONE]

o
1]
=
o
=]
<
i
=1

Figure 13. Setup for calibration to input B.

4, Connect the standard configuration
without the amplifier (see Figure 3) and
measure the signal path between port 2 to
input B. Use this data to normalize the
display to the actual output power of the
amplifier, which is the power incident at
port 2 of the test set,

IDISPLAY

[DATA — MEM]

[MEAS]

[INPUT PORTS]

(B}

[DISPLAY]

{DATA /MEM]
5. Catibrate channel 1 for gain
measurements,

[CH 1]

[CAL]

[CALIBRATE MENU]

[RESPONSE]

{THRU]

{DONE]
5B, (Optional for the HP 87538 only) For
increased accuracy, also perform a power
meter calibration at port 1 to remove
source and test set non-linearities with
frequency. Attach the HP 438A power
meter to port 1 of the test set. Also, con-
nect HP-IB as shown in Figure 14. Make
sure the power meter model and address is
known by the HP 8753. Before proceed-
ing, zero the power meter.

[EOCAL]

[SYSTEM CONTROLLER]

[SET ADIDDRESSES]

[ADDRESS: P MTR/HPIB] [15] [x1]

[PWR MTR: [438A/437/436A]]

Toggle to select desired power meter,

[CAL]

[PWR METER]

NUMBER OF READINGS] {11 [x1]

[PWRMTR CAL: ONE SWEEP]

Set the desired power at port T of the

HP 87538 and take the cal sweep.

(Cal power) [—20] [x1}

[TAKE CAL SWEEP]
A "Power Meter Calibration Sweep Done”
prompt will appear when the calibration
sweep is completed. Reconnect Figure 3,

Figure 14. Setup for power meter calibration at
amplifier input.

E
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6. Connect the amplifier, apply bias, and
turn on dual channel split display.

[DISPLAY}

[DUAL CHAN ON off]
7. Normalize the trace to the small signal
zain. The new trace should be a flat line
at 0 dB.

[DISPLAY]

{DATA -+MEMORY]

[{DATA/MEMORY]
8. Scale the display to allow easy
observation of a 1 dB drop from the small
signal gain.

[SCALE REF]

[SCALE/DIV] [1] [x1]

[REFERENCE VALUE] 10] {x1]
9. Use the rotary knob to increase the
source power level until the trace drops by
1 dB at some point. A marker can then be
used to track the exact frequency where
1 dB compression first occurs. Care
should be taken when increasing the
source power so that the input power limi-
tation of the amplifier under test is not
exceeded. Channel 2 displays the actual
output power of the amplifier since the
test set loss has been removed.

[MKR FCTN]

[MARKER SEARCH]

[TRACKING ON off]

{SEARCH: MIN]

IMENU]

[POWER]

Adjust power for 1 dB compression.

Swept power gain compression

By applying a fixed frequency power
ramp to the input of an amplifier and
investigating gain, gain compression is
observed as a 1 dB drop from small signal
gain. The fixed frequency chosen could
be, for example, the frequency for which I
dB compression first occurs in a swept fre-
quency gain compression measurement,
As with the swept gain compression meas-
urement of the previous section, channei 2
displays the output power of the amplifier
in order to easily determine P45,

eirs g,

Figure 15. Swept powsy gain compression
measurement.

Measurement procedure

1. Connect the instrument as shown in
Figure 14 and preset the instrument.
Channel 1 will display the amplifier's
response to a power ramp. Channel 2 wili
display amplifier output power to aliow
easy determination of the 1 dB gain com-
pression outpui power,

[PRESET]
2. Select a power sweep at the fixed fre-
quency of interest, This could be the fre-
quency at which 1 dB gain compression
first occurs for a swept frequency gain
compression measurement.

[MENU]

[SWEEP TYPE MENU]

[POWER SWEEP]

[RETURN]

{CW FREQ] [20] iM/u]
3, Set the stimulus parameters. Power
levels must be set so that the amplifier is
forced into compression. The range of the
HP 8753's source is from —5 to +20 dBm.
An external output atterruator may be
required to prevent overdriving input B.

IMEAS]

/521 [B/R]]
[START] [-5} [x1]
ISTOP] [10] [x1]
IMENU]
{POWER/

[ATTENUATOR PORT 1] [20} [x1}
4. Since the output power of the amplifier
is important, the loss through the test set
between the amplifier output and the
receiver input needs to be characterized.
To do this, first perform a response
calibration on channel 2 as shown in
Figure 13.
NOTE: When using the HP 85044 test set,
steps 4 and 5 can be omitted since the
amplifier's output is connected directly to
the HP 8753 receiver input.

[CH 2}

[MEAS]

[821 [B/R|]

[CAL]

[CALIBRATE MENU]

[RESPONSE]

[THRU]

[DONE]

5. Connect the standard configuration
without the amplifier (see Figure 3} and
measure the port 2 to input B path. Use
this data to normalize the display to the
actual output power of the amplifier,
which is the power incident at port 2 of
the test set.

{DISPLAY]

DATA — MEM]

IMEAS]

[INPUT PORTS]

[B]

[DISPLAY]

[DATA/MEM]
6. Calibrate channel 1 for gain meas-
urements,

[CH 1}

[CAL}

{CALIBRATE MENU]

[RESPONSE]}

[THRU]

[DONE]
7. Reconnect the amplifier, apply bias,
and turn on dual channel split display.
Gain versus input power will be displayed
on channel T and absolute output power
will be displayed on channel 2.

[DISPLAY]

[DUAL CHAN ON off]
8, Move a marker to the flat portion of
the trace (if there is no flat portion, the
amplifier is in compression throughout the
sweep, and power levels must be
decreased). Use the marker search to find
the power for which a 1 dB drop in gain
occurs.

{MKR]
Position the marker in the fiat gain
portion of the trace.

{SCALE REF]

[MARKER ~» REFERENCE]

{SCALE/DIV][1} Ix1]

[MKR]

[MKR ZERO)]

[MKR FCTN]

[MKR SEARCH]

[TARGET]I-1] ix1]

[MKR]

{4 MODE MENU]

[4A MODE OFF]
The 1 dB gain compression output power
should be displayed on channel 2.



Non-linear measurements

with the HP 8753B

Swept harmonic levels
(Option 002)

Traditionally, harmonic measurements
are made with a spectrum analyzer at
several CW frequencies. Many frequencies
must be tested for complete characteriza-
tion, which can dramatically increase test
time. With the HP 8753B, however, vou
can make swept frequency {and power)
second and third harmonic response
measurements. This capability provides
“real-time” update of the measured
harmonic response versus frequency.

Harmonic response measurements on
the HP 87538 are made using the channel
trace math functions to normalize the
harmonic response to the fundamental
response. In this manner, the harmonic
response of the device under test can be
displayed directly in dBc {see Figure 16}

Sies B 2t Lo =7 BGE 33 a8 L

EEENCY

Figure 16, Swept harmionic response measure-
ment; {a) 2nd harmonic dBc and (b} 3rd
harmonic dBe.

i0

‘The HP 87538 can measure the second
harmonic response of a fundamental
signal up to 1.5 GHz, and third harmenic
response of a 1 GHz fundamental. The
HP 87538 with 6 GHz capability,
option 006, allows measurements of
frequencies up to 6 GHz. So for second
harmonic measurements, the fundamental
frequency can be up to 3 GHz, while for
third harmonic measurements, the
fundamental frequency can be up
to 2 GHaz.

The test setup for measuring the
harmonic response of an amplifier can be
made with the same connections that were
employed for all the linear measurements
(see Figure 3}).

Measurement procedure

1. Set up the instrument as shown in Fig-
ure 3. Notice that a 20 dB external attenu-
ator at the amplifier's output serves to
reduce the power level incident on the
receiver. This protects against overloading
and reduces the harmonics generated by
the receiver.
2. Preset the instrument.

[PRESET}
3. Measure input port B.

IMEAS]

[INPUT PORTS]

B}

[FORMAT}

[LOG MAG]
4. Set the source power level and port 1
attenuation such that the amplifier oper-
ates in its linear region. Remember that
the source output power level affects the
uncertainty of harmonic measurements.

[MENU}

[POWER] I-5] [x1]

[JATTENUATOR PORT 1]110] [x1}
5. Set the desired start and stop
fundamental frequencies. Frequencies
greater than 16 MHz must be used.

[START] i20] [M/u]

[STOP] [1] IG/n]
6. Apply bias to the amplifier.
7. Configure channel 2 like channel 1.

[CH 2}
Repeat step 3.

8. Display the fundamental response of
the amplifier for optimum viewing.

[SCALE REF]

[REFERENCE POSITION] [10] [x1]
9. Uncouple the channels to allow second
or third harmonic reponses in dBc.

[MENU]

[COUPLED CH on OFF]
10. Normalize the trace to the fundamental
response,

[DISPLAY]

[DUAL CHAN ON off]

IMORE]

[SPLIT DISP on OFF]

{MORE]

[D2/D1 to D2 ON off]
A flat line should now be displayed at ¢ dB,
11. Use the harmonic mode menu to view
the second and third harmonic responses
in dBc,

[SYSTEM]

[HARMONIC MEAS]
View the second harmonic response {see
Figure 16-a).

[SECOND]
Now view the third harmonic response
{see Figure 16-b).

[THIRD]
An “H=2" or "H==3", respectively, will
appear to the left of the display. Markers
display both the fundamental and
corresponding harmonic frequencies.
Return to the fundamental response.

[HARMONIC QFF]
If the trace appears noisy, you are near the
noise floor of the HP 8753B. This noise
floor can be lowered by narrowing the IF
bandwidth.

[AVG]

[IF BW]

Enter a lower value for the IF

bandwidth.
Often, when making harmonic response
measurements, it is important to
accurately know the power level entering
the device under test. The HI> 8753B
power meter calibration procedure can be
used to level the source power at the
amplifier input.

o



Two-tone third order
intermodulation

Intermedulation distortion {IMD}, like
harmenic distortion, describes non-
linearities of an amplifier. Two-tone
intermodulation products are generated
when two incoming signals enter the
amplifier and interact to produce IMD
products.

Corresponding to each IMD product is
a theoretical Intercept Point of order i.
This term is often used to specify the IMD
performance of an amplifier. Because of
the proximity of the third order (i = 3)
products to the fundamental frequencies,
these are of greatest concern, Assuming
the two input signals are of equal magni-
tude, the third order intercept point,
TOL, is then calculated from:

TOL = Py + (P, — P3)/2 (ali quantities
in dBm} where:

P, = output power of the individual test
frequencies

P53 = output power of the third order
IMD product

This measurement must be performed
in the linear operating region of the
amplifier to ensure a correct intercept
point calculation {see Figure 17),

Figure 17, Plot for intercept point caleulation.

In the tuned receiver instrument mode,
the HP 8753B displays IMD in a similar
fashion to a spectrum analyzer (see Figure
18). Because the HP 8753B's receiver tunes
to a freqguency without phaselocking, it is
necessary to use synthesizers to ensure
precisely known CW input signals.

(a)

S1ART

19 sec

Figure 18. Two-tone IMD measurement (a) using
the HP 87538 and (b} using a Spectrum
Analyzer.

The measurement setup is shown in Fig-
ure 19. The two synthesizers used were
HP 8656Bs. Attenuators are used to ensure
the individual fundamental power levels
at the receiver input are below —20 dBm.

Figure 19. Two-tone third order intermodulation
medsureament setup.

Measurement procedure

1. Connect the instruments as shown in
Figure 19. Connect the external frequency
references together to synchronize the
measurement frequencies. Preset the
HP 8753B.

{PRESET]

2. Preset the synthesizers and then select
CW frequencies, f; and f5. In the exam-
ple, f1 = 300 MHz and {5 = 300.% MHz.
Also, set the power on both instruments to
the same level,
3. Reduce the IF bandwidth of the
HP 87538 receiver to lower the noise
floor of the trace.

[AVG]

[IF BW]

100] [x1]
4. Set up a frequency list for the four fre-
quencies of interest: £1, [5, 2, ~ [5, and
2f5 — f4. Five points are chosen to ensure
detection of the desired signals at the four
frequencies.

[MENU

[SWEEP TYPE MENU]

[EDIT LIST]}

[ADD]

[CENTER] [#] M/}

[SPAN] [2] [k/m]

[NUMBER OF POINTS] 5] [x1]

[DONE]
where # refers to the four frequencies of
interest. The example frequencies are
299.1 MHz, 300 MHz, 300.9 MHz, and
301.8 MHz. Step 4 must be repeated for
each frequency.
NOTE: If the third order products are
unequal in magnitude or any of the sig-
nals appear unstable, vary the frequencies
used sfightly. The HP 8753B Operating
and Programming Manual gives a listing
of frequencies that should be avoided.
5. Enter two other frequency segments to
ailow better viewing of the frequencies of
interest on the display.

[ADD]

[CENTER] [#] [M/u]

[SPAN] [2} [k/m]

{NUMBER OF POINTS] [1} |x1]

{DONE]

[DONE]

{LIST FREQ]
where # refers to 298.9 and 302 MHz.
6. Place the instrument in tuned receiver
mode.

[SYSTEM)]

[INSTRUMENT MODE]

[TUNED RECEIVER]
7. Third order IMD should now be dis-
played on the HP 8753B's display. To cal-
culate the third order intercept point, TOI,
use the equation:

TOLl =P, + (P, — P3)i2

Remember to account for any padding
between the amplitier’s output and the
HP 8753B. For the example measurement
shown in Figure 18, since P is about
+4.8 dBm and (P — P3) is 30.2 dB, TOI
is calculated as 19.9 dBm,

11



Enhanced

manufacturing techniques

Limit lines

The limit line feature of the HP 8753
network analyzer allows arbitrary Hmit
values to be entered on the screen for
direct comparison with the measured data
(see Figure 20}. Up to 15 limit segments
can be added per channel as single points,
flat lines, or sloped lines. Each segment
contains an upper and lower limit and a
starting stimulus value. Results are
displayed with a PASS5/FAIL message, and
an optional beep upon failure. For
example, gain over a certain frequency
range can be tested by using a flat [imit
line with a lower limit set to the minimum
gain allowable and an upper limit set to
the upper gain value. This allows testing
of both minimum gain and gain rippie
simultaneously. The following procedure
describes how to use limit lines to
perform this test.

GHE ETART

Figure 20. Limit lines example.

Measurement procedure

1. Perform the small signal gain
measurement.
2. Enter the Himit line menu.

[SYSTEM]

[LIMIT MENU]

[EDIT LIMIT LINE]
3. Enter the stimulus value as well as the
upper and lower amplitude limits for your
limit line.

[ADDY]

[STIMULUS VALUE]

[20][M/u]

[LOWER LIMIT]

[201{x1]

[UPPER LIMIT]

[26]{x1]

[DONE]
4. Define the type of limit line to be used.

[LIMIT TYPE]

FLAT LINE]

[RETURN]
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5. The flat line segment is valid from its
stimnilus value to the end of the frequency
sweep range. 1o shorten its range, terminate
the segment with a corresponding single
point.

[ADD}

[STIMLULUS VALUE]

[1.4]{G/n}

[DONE]

[LIMIT TYPE}

{SINGLE PGINT]

{RETURN]

[DONE]
6. Repeat steps 3 to 5 until all desired
limit lines are entered.
7. Tarn on limit lines.

[LIMIT LINES ON off]
8. Activate PASS/FAIL limit testing.

[LIMIT TEST ON off]

Test sequence function
(HP 8753B)

The amplifier measurements covered
in this note are typical of those made in
manufacturing environments. The
HP 8753B test sequence function increases
throughput by automating the test
procedure. This is accomplished by simply
performing the measurement manuaily
from the front panel while in the test
sequence mode, Figure 21 shows a sample
sequence for the swept harmonic levels
measurement,

In addition to throughput, the chances
of operator error are reduced when using
sequencing. Also, since no external
controllers are required, no time is wasted
learning instrument control commands,
and in some cases, a new programming
language.

Each sequence can be up to 2000 bytes,
or about 200 lines in length. With the
ability to call other sequences, complex
tasks can be easily handled. Limited
decision making is possible, such as
IF LIMIT TEST PASS THEN DO
SEQUENCE, The test sequence function
can also control other HP-1B programm-
able instruments. For example, optimize
harmanic levels with respect to bias by
using a sequence to automatically control
a power supply. Refer to the HP 87538
Systern Operating and Programming
Manual for a complete discussion of the
test sequence function.

Figure 21. Swept harmonic levels sequence.




Accuracy
considerations

Linear measurements

This section summarizes key accuracy
considerations for the measurements
described in this note, Vector accuracy
enhancement can be applied to the linear
measurements discussed to greatly reduce
measurement uncertainty. This is accom-
plished by removing systematic errors
through measurement calibration with
standards such as a short, an open, and
a thru.

To illustrate the differences between the
various accuracy enhancement techniques,
the following ampiifier characteristics
were assumed.

® Gain: 22 dB

® Reverse isolation: 45 dB

e Input SWR: 3.0

® Output SWR: 2.2

An HP 85046A test set and 3.5 mm cali-
bration accessories are used in these
examples. For a complete table of uncer-
tainty improvements resulting from vari-
ous calibration procedures, see the
HP 8753 System Operating and
Prograrmrning Manual,

Gain

The major sources of error in a gain
measurement with the HP 8753 network
analyzer are the frequency response of the
test setup, the source and load mismatch
during measurement, and the system
dynamic accuracy. The frequency
response of the test setup is the dominant
error in a transmission measurement, A
simple response calibration significantly
recduces this error. For greater accuracy, a
full 2-port calibration can be used.

Mismatch uncertainties are a function
of effective source and load mismatches.
A full 2-port calibration not only reduces
the effects of frequency response, it also
improves the effective source and load
match. An example illustrates the
accuracy improvements of a full 2-pert
calibration over a response calibration.

Total measurement uncertainty of gain
{worst case)*:

Response calibration: & 1.4 dB

Full 2-port calibration: + 0.3 dB

Dynamic accuracy, a measure of the
tuned receiver’s performance as a function
of incident power level, also influences the
uncertainty of gain measurements. This is
due to the fact that a receiver usually sees
a different power level between calibration
and measurement. The dynamic accuracy
of the HP 8753 is typically + 0.02 dB over
a 50 dB range {—10 dBm to —60 dBm).

Reverse isolation

Isolation is subject to the same error
considerations as gain. In addition, if the
isolation of the amplifier under test is
very large, the transmitted signal level
may be near the noise floor and/or cross-
talk level. To lower the noise floar, employ
averaging or reduce the IF bandwidth of
the HP 8753. When crosstalk levels atfect
the measurement accuracy, a response and
isolation calibration or a full 2-port cali-
bration removes the crosstalk error term.

Gain versus time

Since the gain drift measurement
described in this note is a fixed frequency
gain measurement over time, it is subject
to the error considerations discussed for
gain. Another factor that could be signifi-
cant in this type of measurement is the
transmission tracking drift of the test
setup. This is primarily caused by a
change in the test setup temperature
between calibration and measurement. If
the instrument is allowed to stabilize to
the ambient temperature before calibra-
tion and measurement, this error term
should be small.

Deviation from linear phase

Transmission phase uncertainty is
calculated from a comparison of the
magnitude uncertainty, previously
discussed for gain measurements, with the
test signal magnitude, The typical size of
this uncertainty is best illustrated with
an example.

Total measurement uncertainty of phase
(worst case):

Response only calibration: + 9.4°

Full 2-port calibration: 4 2.2°

Reflection measurements

The uncertainty of reflection measure-
ments is affected by directivity, source
match, load match, ‘and the reflection
tracking of the test system. With a full
2-port calibration, the effects of these
factors are minimized. A I-port calibra-
tion provides the same accuracy if the
output of the amplifier is well terminated.,
An example using the amplifier described
earlier best illustrates this improvement.
Total measurement uncertainty of input
return loss (worst case)*:

Response only calibration: + 3.0 dB

Fuli Z-port calibration: * 0.6 dB

Since the magnitude of the mismatch
uncertainty depends on the input and out-
put match of an amplifier, a measurement
of a better matched amplifier will contain
less uncertainty.

*NOTE: For the complete uncertainty equa-
tions, see the General Information and
Specifications section of the HP 87538
Systern Operating and Programming Manual,
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Non-linear measurements

The non-linear measurements discussed
in this note make use of the HP 8753%
receiver to measure absolute power. Vector
accuracy enhancement is not applicable to
power measurements, Uncertainties for
these measurements are affected by the
previously mentioned sources of error.
Thus, care should be taken to reduce mis-
match effects since mismatch errors con-
tribute to total measurement uncertainty.
For absclute power measurements, addi-
tional uncertainty is introduced by the
receiver power accuracy. The tuned
receiver of the HP 8753 is accurate to £ 1 dB
in absolute amplitude measurements over
the 300 kHz to 3 GHz frequency range
{typically < 0.5 dB}. From 3 to 6 GHz
with the HP 8753B, the receiver is accurate
to =+ 3 dB (typically £ 1 dB). One
method of increasing the accuracy of
absolute power measurements is to
reference the receiver inputs with a power
meter. In this manner, the receiver can be
characterized and the measured data
improved.
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Remember that when using the
HP 85046/7A test sets, there is uncer-
tainty in the amount of insertion loss
from the output of the amplifier under
test to the receiver input on the HP 8753,
For maximum accuracy in absolute power
level measurements, this loss must also be
characterized and removed from the
measurement. See the Swept Frequency
Gain Compression Measurement
Procedure for a discussion on how to
remove this loss from the system.

Gain compression

(Gain compression measurements
employ response calibrations to reduce
uncertainties. Be aware, however, that to
determine swept frequency gain compres-
sion, the source power level must be
changed. The HP 8753's source linearity is
£ .2 dB from —5 to +15 dBm. Therefore,
the validity of the response calibration is
reduced when varying source power for
swept frequency measurements. Source
linearity uncertainty can be reduced for
swept power gain compression measure-
ments by performing a power meter
calibration at the input of the amplifier.
This precisely sets the power level incident
to the ampiifier under test by compensat-
ing the source power for any non-
linearities in the source or test setup.

Swept harmonic levels (HP 8753B)

For harmonic distortion measurements,
it is important to note that the source and
the receiver of the HP 8753B generate their
own harmonics. The level of these addi-
tiona} harmonics affects the range and
uncertainty of harmonic measurements.
The HP 8753B is capable of making up to
40 dBc harmonic measurements with a
source power level of 0 dBm, and a power
level of —20 dBm or lower, incident on
the receiver. Increasing the source power
level and/or the power level incident on
the receiver reduces the range of harmonic
levels that can be measured, Performance
for different source and receiver levels is
specified in the HP 8753B Data Sheet (HP
lit no, 5956-4335) and in the HP 87538
System Operating and Programming
Manual.

With harmonic measurements, measure-
ment calibration is not used, since the har-
monic and fundamental frequencies are
different. Instead, the absclute values of
the amplifier's fundamental and harmonic
levels are compared using the D2/D1 to
D2 trace math function.

Two-tone third order
intermodulation {(HP 8753B)

A power combiner should be used for
two-tone IMD measurements to suffi-
ciently isolate the sources. In some situa-
tions, it may be necessary to further
isolate the sources with amplifiers.
Attenuators can be used to reduce mis-
match errors. In cases where source har-
monics affect the intermodulation
response, low pass filtering can be
inserted between the amplifier and the sig-
nal sources to reduce their harmonics.
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Appendix:

S-parameter test set considerations

When configuring a test setap for
amplifier measurements, knowledge of
power levels through the various signal
paths is vital. This appendix describes the
HP 85046A (300 kHz to 3 GHz) and
85047A (30C kHz to 6 GHz} 50 ohm
S-parameter test set, and explicitly shows
the signal paths and power levels through
them. The actual power levels available at
the test ports of the HP 8753/S-parameter
test set system are listed in Table 1.
Finally, an example is presented to clarify
attenuator and power level requirements
for a particular amplifier.

Figure 22 shows a schematic representa-
tion of the HP 85046A S-parameter test set
and lists the attenuation from the RF input
{0 dB reference point) to the other ports.
The same is done in Figure 23 for the
HP 85047 A.

R DCBas A

A

bC Blas

Figure 22, Schematic of the HP 85046A
S-Parameter Test Sel.

NOTE: This appendix describes the
HP 85046 A and the HP 85047A only. The
HP 850468 75 ohm S-parameter test set
and other signal separation device, such as
the HP 85044A/B transmission/reflection
test set, have different insertion losses and
should be considered separately.
Some important parameters of the
HP 8753 test system:
# Source power range = +20 dBm
to —5 dBm
@ Receiver input ranges: {best accuracy
when signal levels are kept below
—10 dBm}
R channel = 0 dBm to ~35 dBm
A, B channel = 0 dBm to ~100 dBm

The following example illustrates the
general procedure for choosing attenuator
levels and source power.

Example: Measuring the small signal gain
of an amplifier, using the

HP 8753/HP 85046 A test system.

Given: The general test setup of Figure 3.
Amplifier under test has the following
parameters:

@ gain of approx. 40 dB

e desired input power of —30 dBm
Required: To design a test setup and set
operating parameters such that the ampli-
fier operates in its linear region (i.e., input
power < —30 dBm).

Procedure: Start with the amplifier's maxi-
mum input, —30 dBm. The input power
must be less than this so that the amplifier
is operating in ifs linear region. With the
source power at its default value of 0

Now consider the amplifier output.
Since the output power is approximately
7 dBm {—33 dBm 4+ 40 dB of gain} and
the loss in the test set from port 2 to chan-
nel B is only about 6 dB, an external
attenuator must be inserted before port 2
in order to keep input B below its maxi-
mum power level {0 dBm). A 20 dB pad at
the amplifier output will keep the maxi-
mum power at B <19 dBm, which
allows the receiver to operate in its most
accurate range.

Port 1

dBm, and a nominal loss through the test g
set to port 1 of 13 dB, the default power at
port 1 is about —13 dBm. The step attenu-
ator must therefore be used to decrease
this power below —30 dBm. The step protz
attenuator can be set in increments of 10 (2 ctBm)
dB up to 70 dB, by setting
JATTENUATOR PORT 1] or
[ATTENUATOR PORT 2] {depending on
the direction of the measurement) in the
HFP 8753 power menu. Increasing the port
1 aftenuation to 20 dB, changes the power  pfimput B¢
level at port 1 (the amplifier input} to 20 dBm Blas
33 dBm, which is about the required Figure 23, Schematic of the HP 850474
power limit, S-Parameter Tost Set.
Table 1, Power available at the test ports with the HP 85046/ 7A 5-Parameter Test Sets,
HP 85047 A
Test Set
HP 85046 A
Test Set 3 GHz é GHz
Maximum attenuation from RF
input to port 1, 2 83 dB 73 dB 88 dB
Minimum attenuation from RF
input to port 1, 2 13 dB 3dB 18 dB
Maximum power level at port 1, 2 +7 dBm +17 dBm +2 dBm
Minimum power level at port 1, 2 - 88 dBm ~78 dBm —93 dBm
Nominal atteruation from port 2
to channel B 6 dB 16 dB 16 dB
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This note describes several procedares and hardware setups for
measuring the performance of a mixer or frequency translator
using the HP 8753B vector network analyzer.

The measurements described in this note are conversion loss,
conversion compression, amplitude and phase tracking, two-tone
third order intermedulation distortion, isolation (feedthrough),
and SWR.

Vector network analyzers have typically been used for measur-
ing the transmission and reflection characteristics of linear com-
ponents and networks. The HP 8753B simpiifies and speeds the
testing of non-linear devices such as mixers {the focus of this
note} and amplifiers (see HP Product Note 8753-1, Amplifier
measurements using the HP 8753, Lit. No, 5956-4361}.

Traditionally, vector network analyzers working at a single
stimulus and respanse frequency were unable to test the transmi-
sion characteristics of a mixer. The HP 8753B has the ability to
offset or decouple its receiver from its own internal synthesized
source. This enables you to stimulate a device over one frequency
range and view its response over another. This, along with its
vector network analyzer capabilities, makes the HP 8753B a sig-
nificant enhancement to any environment where comprehensive
mixer testing is required,

Because a mixer is a 3-port non-linear device it is impossible to
take advantage of traditional 2-port vector accuracy enhance-
ment. However, there are necessary considerations when making
any mixer measurement: IF port filtering, to reduce the number
of unwanted signals that enter the receiver, attenuation at all
mixer ports, to reduce refections, and frequency selection (fre-
quency st mode). These technigues will be discussed in greater
detail in the Measurement Considerations section of this note.

Throughout the procedures described in this note, front panel
keys appear in bold type, e.g. IMENU]. Softkeys such as POWER
appear in bold italics, e.g. [POWER].

Typical equipment list used to make the measurements
in this noie

Network analyzer HP 87538
Transmission/Reflection test set HP 850444
External synthesized signal generator HP 8656A/B

HP 8657A/8642A/B
could also be used.
HI? 436 A/7B/8A
Mini-Circuits ZFM-15
or equivalent
Various cables, filters, amplifiers, connectors and attenuators.

Power meter HP-IB
Mixer Under Test



Mixer term
definitions

Conversion loss

Conversion loss is the measure of effi-
ciency of a mixer. It is the ratio of side-
band IF power to RF signal power, and is
usually expressed in dB. The mixer trans-
lates the incoming signal, RE to a replica,
IF, displaced in frequency by the local
oscillator, LO. This frequency translation
exacts a penalty that is characterized by a
loss in signal amplitude and the genera-
tion of additional sidebands, For a given
translation, two equal output signals are
expected, a lower sideband and an upper
sideband (figure 1a).

Figure Ia. Spectrum of RE LO and IF signals
present in mixer measurements,

Conversion compression

Conversion compression is a measure of
the maximum RF input signal level for
which the mixer will provide linear opera-
tion. The conversion loss is the ratio of the
IF output level to the RF input level, and
this value remains constant over a speci-
fied input power range, When the input
power level exceeds a certain maximum,
the constant ratio between IF and RF
power levels will begin to change. The
point at which the ratio has decreased
1 dB is called the 1 dB compression point.
See figure 1b,

Figure 1b. Plot of conversion loss and IF output
power as a function of RF input power level.
Note that the IF output power increases linearly
with the increasing RF signal, until mixer com-
pression begins and the mixer saturates.

Amplitude and
phase tracking

The match between mixers is defined as
the absolute difference in amplitude
and/or phase response over a specified
frequency range. The tracking between
mixers is essentially how well the devices
are matched over a specified interval.
This interval may be a frequency interval
or a temperature interval, or a combina-
tion of both.

Third order
intermodulation distortion

This term describes the distortion of the
mixer’s conversion loss, caused by two or
more sinuscoidal signals interacting at the
mixer's RF port. The two-tone third order
distortion term is the amount of the signal
at the IF port of the mixer due to third
order frequency terms. This is usually
expressed relative to the desired IF mixing
product, (dBc). These third order terms
are given by (2RFI — RF2) + LO, and
(ZRF2 — RF1) + LO.

RF1 = Fixed RF frequency # 1.

RF2 = Fixed RF frequency # 2.

LO = Local osciliator frequency.

Isolation

Isolation is the measure of signal leak-
age in a mixer, Feedthrough is specificaily
the forward signal leakage to the IF port.
High isolation means that the amount of
leakage or feedthrough between the
mixer's ports is very small. Figure 1c dia-
grams the signal flow in a mixer,

The L.O to RF isolation and the LO feed-
through are typically measured with the
third port terminated in 50 ohms. Meas-
urement of the RF feedthrough is made as
the LO signal is being applied to the
mixer.

Figure I, Dingram showing the signal flow in a
mixer. Note that RF and LO feedthrough signals
may appear at the mixer IF output, together
with the desived IF signal.

SWR/Return loss

Reflection coefficient (I} is defined as
the ratio between the reflected voltage (Vr)
and incident voltage (Vi}, Standing wave
ratio (SWR) is defined as the ratioc of max-
imum standing wave voltage to the mini-
mum standing wave voltage, and can be
derived from the reflection coefficient (I'}
using the equation shown below,

M= Vr/Vi
SWR = LF [0
1=

Return loss is equal to —20 log |T).

Because mixers are three-port devices,
making a SWR measurement on one is
more compiicated than making a SWR
measurement on a two-port device. The
operating conditions the mixer will
encounter during use should be the test
levels at which the SWR measurements are
made. For example, to make RF port SWR
measurements, the LO must be connected
and set at the desired frequency and
power fevel, and the IF port must be ter-
minated in 30 ohms.



Measurement
considerations

In mixer transmission measurements,
you have RF and LO inputs and an IF out-
put. Also emanating from the IF port are
several other mixing products of the RF
and LO signals. In mixer reflection meas-
urements, leakage signals from one mixer
port propagate and appear at the other
two mixer ports. These unwanted mixing
products or leakage signals can cause dis-
tortion by mixing with a harmonic of the
HP 8753B's first down conversion stage. To
ensure that measurement accuracy is not
degraded, certain frequencies must be
tiltered or avoided by frequency selection.
Attenuators placed at all mixer ports can
be used to reduce mismatch uncertainties.

For frequency offset measurements
made on the HP 8753B, it is necessary to
choose the HP 8753B's source to supply
the highest frequency in the measurement,
whether it is being used to drive the RF or
LO of the mixer. It is also necessary to
configure the measurement so that the
lowest frequency is incident upon the
HP 8753B's receiver; this simply means
measuring the lower of the two IF mixing
products.

Filtering

Proper filtering between the mixer's IF
port and the receiver's input port can
eliminate unwanted mixing and leakage
signals from entering the analyzer’s
receiver. Figure 2a shows a plot of mixer
conversion loss when proper IF filtering
was neglected. Figure 2b shows the same
mixer's conversion loss with the addition
of a low pass filter at the mixer’s IF port,
Filtering is required in both fixed and
broadband measurements, but will be
more easily implemented in the fixed situ-
ation. Therefore, when configuring broad-
band {swept} measurements you may need
to trade some measurement bandwidth for
the ability to more selectively filter signals
entering the HP 8753Bs receiver.

Attenuation at mixer ports

When characterizing linear devices,
{single test frequency) vector accuracy
enhancement can be used to mathemati-
cally remove all systematic errors, includ-
ing source and load mismatches, from the
measurement. This is not possible when
the device you are characterizing is a
mixer operating over multiple frequency
ranges. Therefore, source and load mis-
matches are not corrected for and will add
to overall measurement uncertainty.

As in a scalar measurement system, to
reduce the measurement errors associated
with the interaction between mixer port
matches and system port matches, it is
advisable to place attentuzators at all of the
mixer’s ports. Figure 2c shows a plot of
swept conversion loss where no attenua-
tion at mixer ports was used. The ripple
versus frequency is due to source and load
mismatches. In contrast, figure 2b made
use of appropriate attenuation at all mixer
ports. Extra care should be given to the
selection of the attenuator located at the
mixer's IF port to avoid overdriving the
receiver. For best results, the value of this
attenuator should be chosen so that the
power incident on the HP 8753B's receiver
ports is less than —10 dBm.

Frequency selection

Cheosing test frequencies {frequency
list mode) can reduce the effect of spuri-
ous responses on measurements by avoid-
ing frequencies that produce IF signal path
distortion,

The first step in avoiding or eliminating
spurs is determining at what frequencies
they will occur. To aid you in predicting
where these frequencies will occur, a spur
prediction program is included in Appen-
dix 1 of this note. Although this spur
prediction program is specialized for the
measurement of the swept IF/ fixed LO
response of a mixer, it can easily be modi-
fied to accommodate other measurement
configurations.

=TT shi

Figure 2a. Plot of a mixer’s conversion loss vs.
IF frequency without the use of appropriate IF
signal path filtering, resulting in unusable data.

I3

Figure 2b. Plot of a mixer's conversion loss vs,
IF frequency with proper IF signal path filtering,
and attenuation at all mixer ports.

Figure 2¢. Plot of a mixer’s conversion loss vs. IF
frequency neglecting attenuation at mixer ports.
The frequency ripple seen is due to mixer and
system port mismatches.




Conversion
loss

Fixed IF
conversion loss

The simplest of all conversion loss
measurements is the fixed IF/fixed LO
measurement where all three frequencies
are held constant. Figure 3 shows the
block diagram for a fixed IF/fixed LO con-
version loss measurement,

The frequencies to be used in this meas-
drement are:

RF == 1400 MHz
LO = 800 MHz
IF = 600 MHz

In ali conversion loss measurements, the
IF and LO frequencies are entered directly
as parameters, while the RF frequency is
entered by adding the IF and LO frequen-
cies using frequency offset mode.

Frequency offset mode

This mode of operation allows you to
offset the FIPP 87538’ source, by a fixed
value, above the HP 8753B's receiver. This
allows you to stimulate a device under test
at one frequency and view its response
at another frequency. This mode of
operation has a RF source frequency
limit of 3 GHz.

Measurement procedure

1. Connect the instruments as shown in
figure 3.

Figure 3, Block diagram for a fixed IF/fixed
LO/fixed RF conversion loss measurenient,

2. Press [PRESET] on the front panels of
the HP 87538 and the local oscillator (LO)
source.
3. From the front panel of the HP 87535,
set the desired IF {requency and RF source
output power to be used.

[MENU]

[CW FREQ] [600] [M/u}

[POWER] [6] Ix1]

[MEAS]

[R]

4, On the external signal generator, select
the desired LO frequency and power level
to be used in this measurement.

[CW] [800] [WViHz]

[POWER] [13] [dBmi
5. Turn frequency offset on to set up a
constant offset between the IF and RF sig-
nals. This sets the RF source frequency.

[SYSTEM]

[INSTRUMENT MODE]

[{OFFSET VALUE]

[800] [M/4]

{FREQ OFFS ONJ
6. Figure 4 shows the attenuated output
power of the mixer’s IF at the receiver. The
conversion loss of the mixer is found by
subtracting the attenuation from the total
loss between the RF source and IF receiver,

Source power = 6 dBm
Output power = -17.5dB
Total loss == 23,5 dB
Total attenuation = 16 dB
Conversion loss = 7.5dB

Figure 4. Plot of a mixer's fixed IF/fixed LO/
fixed REF outpui powet,



Swept IF
measurements

One of the primary contributions of the
HP 87538 to mixer testing is its ability to
make a swept IF conversion loss measure-
ment. Frequency translators can also be
measured using the techniques described
in this note, for example the down con-
verter module in figure 5.

e S

Downconverter Module

Figure 5. Block diagram of a typical downcon-
verfer module which can be characterized using
the techniques described in this note,

Measurement procedure

The following procedure describes the
steps necessary to perform a swept IF con-
version loss measurement, using the setups
in Higures 6 and 7. The first five steps in
this procedure are used to measure the
response of the IF signal path, so that its
response can be mathematically removed
from the conversion loss measurement that
follows,

Figure 6, Block diagram for a B/R respense cali-
bration and device normalization.

1. Connect the hardware in figure 6 with
a thru connection between the power
splitter and the receiver’s B port.

2. Press [PRESET] on the front panels of
the HP 87538 and the local oscillator {LO)
SOUrce.

3, From the front panel of the HP 87538,
set the desired IF frequency range and RF
output power to be used in this
measurement.

[START] [100] [M/u]

[STOP] [1.0] [G/n}

[MENU]

[POWER] |6} [x1]

4. Using the keystrokes shown below per-
form a frequency response calibration.

[MEAS]

[B/R]

{CAL]

[CALIBRATE MENU]

[RESPONSE]

[THRU]

[DONE: RESPONSE]

5. Leaving the thru cable in place connect
the IF attenuator, filter, and cable between
the power splitter and the receiver’s B
port. The IF low pass filter was chosen not
only to eliminate unwanted mixing
products from entering the analyzer’s
receiver, but also to pass the largest of the
IF frequencies. Store the response into
memory.

[DISPLAY]

{DATA — MEMORY]

This step measures the frequency
response of the components in the IF sig-
nal path, {(attenuator, filter, and cable),
and stores it into memery. This memory
trace will be used to remove the frequency
response of these components from the
conversion loss measurement to be made
with the setup in figure 7.

Figure 7. Block diagram for a swept [Ffixed LO
conversion loss measurement.

6. View the absolute input power to the R
channel.

[MEAS]

IR]
7. Connect the hardware as shown in fig-
ure 7, terminating the open port of the
power splitter with a 50 chm load.
8. Set the external local osciilator (LO)
source to the desired fixed frequency and
power level.

{CW] [1.5] IGHz]

{POWER] [13] [dBm]
9. Remove the frequency response of the
IF attenuator, filter, and cable from the
measurement by viewing [DATA/MEM].

[DISPLAY?

[DATA /MEM]
10. Turn frequency offset on to set 2 con-
stant offset between the IF and RF signals.
This sets the RF scurce’s frequency range,
In this example, the RF frequency range is
1.6 GHz to 2.5 GHz.

[SYSTEM]

[INSTRUMENT MODE]

{OFFSET VALUE]

{1500} [M/ ]

[FRE(} OFFS ONJ
11. Since the mixer's RF input power was
chosen to be 0 dBm and the loss due to the
IF components was removed, the resulting
display shows the swept IF conversion loss
of the mixer versus IF frequency. A plot of
this is shown in figure 8.

wH

R wirez srom 1 o 03 N

Figure 8. Plot of swept [Ffixed LO conversion
loss of a mixer.
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Optional procedure

To enhance measurement accuracy,
replace the 50 ohm load at the power split-
ter with the power meter and power meter
sensar, as shown in figure 7. Perform a
one sweep power meter calibration. This
will level the power splitter’s output power
to a user specified value over the fre-
quency range of the measurement.

Zero the power meter. Prepare the
HP 87538 to interface with the power
meter,

[LOCAL]

[SYSTEM CONTROLLER]

[SET ADDRESSES]

{ADDRESS: P MTR/HPIB]

[#] [x1]

Press the power meter softkey {shown
below) until the desired power meter has
been chosen.

[POWER MTR: [438/437]]

Perform the power meter calibration.

[CAL]

[PWR METER]

[GNE SWEEP]

[CAL POWER ][0} [x1]

[TAKE CAL SWEEP]

Once this power calibration is complete
the power at the mixer's RF port is leveled
to 0 dBm.

Disconnect the power meter and ter-
minate this open port with the 30 ohm
load.

NOTE: For mere information on power
meter calibration sce the HP 87538 System
Operating and Programming Manual
(08753-90119). For more information on
power meter measurements and accuracy
see the appropriate power meter manual.

Conversion loss
greater than 35 dB

Since the dynamic range of the
receiver’s R channel is limited, a modifica-
tion of this procedure is required for con-
version loss measurements where the R
channel input is less than —35 dBm. The
measurement procedure is the same as for
the conversion loss measurements previ-
ously discussed. Figure 9 shows the hard-
ware configuration for this measurement.
Note that the mixer under test is being
measured on the B channel which has
greater than 35 dB dymnamic range, while
the reference signal on channel R (used for
phase lock} has been increased by an
external amplifier.

o]
=}
[=}
=]
o
[=}
=l
=]

Figure 9. Block diagram for a conversion loss
measurement greater than 35 dB,

Fixed IF
stepped LO & RF

An extension of the previous measure-
ments is the case of fixed [F/stepped LO
and RF frequencies. Figure 10 shows the
hardware configuration for this fixed IF
measurement. The simplest way to make
this type of measurement without the use
of an external controller is through the use
of the HP 8753B's test sequence function.
An excerpt from a sequence written to
control two external synthesizers in tuned
receiver mode appears below,

Figure 10. Block diagram for a Fixed IF stepped
RF and 1) measurement.

Tuned receiver mode

In situations when the analysis of a
specific signal or mixing product is neces-
sary, the HP 8753B's tuned receiver mode
allows you to tune the HI? 8753B's receiver
to an arbitrary frequency and analyze a
signal without phase locking to it. This is
only possible if the signal we wish to ana-
tyze is af an exact known freguency.
Therefore, the RF and LO must be
synthesized and synchronized with the
HP 8753B's time base.

Figure 11 shows a plot of the stepped
LO and RF fixed IF conversion loss of a
mixer.

GeL M 7 9BS WEF

ice HAR

ooe

Figure 11. Plot of fixed [Fistepped 11
conversion loss of a mixer.
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Conversion
compression

The following example uses a ratio of
mixer output to input power to locate the
mixer's T dB compression peint. Included
is an optional accuracy enhancement step
using power meter calibration.

Measurement procedure

1. Connect the HP 8753B's source through
the 20 dB IF attenuator and low pass filter
to the receiver's R port.
2. Press [PRESET] on the front panels of
the HP 8753B and the LO source.
3. From the front panel of the HP 8753B
set the desired fixed frequency, power
range, and measurement specifications.

[MENU]

[SWEEP TYPE MENU]

[POWER SWEEP]

[RETURN/

[CW FREQ)]

[700] [M/]

ISTART] [0} [x1]

ISTOP] [15] {x1}

IMEAS]

[R]
4. Store a trace of receiver power vs.
source power into memory and view
{DDATA /MEM]. This removes the loss
between the IF port of a mixer and the
receiver, and will provide a linear power

sweep for use in subsequent measurements.

[DISPLAY!

[DATA — MEMORY]

[DATA /MEM]
5. Connect the instruments as shown in
figure 12.

anopcoog

Figure 12, Block diagram for a conversion com-
pression rreasurement,

6. Set the LO source to the desired fixed
frequency and power level.

ICW] [8001 {MHz]

IPOWER] [13) [dBm]
7. Turn on a frequency offset equal to the

LO's fixed frequency. This specifies the RF

source frequency.

[SYSTEM]

{INSTRUMENT MODE]

[OFFSET VALUE]

[800] [M/p]

{FREQ OFFS ONJ
8. The resulting display shows the mixer's
output power as a function of its input
power.

9. Set up an active marker to search for
the T dB compression point of the mixer.

[SCALE REF]

[AUTO SCALE]

[MKR]}

Move the marker to a point of zero
slope on the trace (zero slope indicates the
mixer’s linear region of operation).

{MKR ZERO]

IMKR FCTN}

[MKR SEARCH ON]

[TARGET]

[-2] [x1]

[MKR]

[A MODE MENU]

A MODE OFE]

The following display (figure 13} shows
the mixer's 1 dB compression point. By
changing the target value, you can easily
locate other compression points (e.g., 0.5
dB, 3 dB).

GHb o

Figure 13, Plot of a mixer’s conversion compres-
sion, including o marker locating the 1 dB com-
pression point.

Optional procedure

To enhance measurement accuracy,
insert a power splitter between the RF
source and the mixer's RF port. Connect
the power meter {shown in figure 12}, to
the power splitter's open port. Perform a
one sweep power meter calibration. {
For the necessary procedure, see the
swept IF conversion loss measurement on
page 6.
Once this procedure is complete, the
mixer's RF input power is referenced to a
power meter standard.




Amplitude and
phase tracking

The HP 8753B can be used to measure
swept IF amplitude and phase tracking
between mixers over a specified frequency
interval., A block diagram of the hardware
configuration necessary for this measure-
ment is shown in figure 14.

in this measurement, we compare
mixers having the same stimulus and
response signal paths, so that any differ-
ence seen in response is due to the mixers
and not the measurement system, Mixer B
is replaced with the mixer that you wish to
compare to it, while mixer A remains in
place, used by all mixers as a reference.

Figure 14, Blocic diagram for an amplitude and
phase tracking measurement.

Measurement procedure

1. Connect the hardware, including
mixers A and B, as shown in figure 14.
2. Press |[PRESET] on all instruments.
3, Set the RF source output power and fre-
quency range of the IF receiver.

[MENU]

[POWER] [6] [x1]

ISTART?] [100] [M/ ]

ISTOP! [1.0] [G/n]
4. Set the fixed frequency and output
power of your LO source.

fCW1[1.5] {GHz}

[POWER] [16] [dBm]
5. Set the RF source frequency range using
frequency offset mode. In this measure-
ment the RF range covers 1.6 GHz to
2.5 GHz.

[SYSTEM]

[INSTRUMENT MODE]

[OFFSET VALUE]

[1.5] IG/n]

[FREQ OFF5 ON}
6. Display the magnitude and phase of the
IF output of mixer B divided by that of
mixer A. Store this data into memory and
display future data relative to it. This dis-
play shows two flat lines.

iCH 1]

IMEAS]

{B/R]

FORMAT)

[LOG MAG]

[DISPLAY|

[DUAL CHAN ON|

[DATA — MEMORY]

[DATA /MEM]

[CH 2]

[MEAS]}

[B/R]

[FORMAT]

[PHASE]

[DISPLAY]

[{DATA - MEMORY]

{DATA/MEM]

7. Remove mixer B from the test setup and
replace it with the mixer you wish to com-
pare it to (in this case mixer C}, The
resulting display is the amplitude and
phase match between the third mixer and
the original mixer that it replaced

(mixer C / mixer B}, see Figure 15.

U onog M E = g

Figure 15. Plot of amplitude and phase tracking
between two mixers.

When comparing several mixers, it is
good measurement procedure to periodi-
cally reinsert the original mixer, {mixer B)
and observe the display. This display
should lock as it did in step & of the above
procedure, This procedure will verify that
your measurement system is time invariant.



Two-tone third order

intermodulation distortion

When two signals are applied to the
input of a device, they interact to produce
third order intermodulation distortion. In
this measurement procedure, two closely
spaced fixed frequencies of equal ampli-
tude are input at the mixer's RF port,
while a single frequency is used to drive
the mixer's LO port. The size of the third
order intermodulation distortion products
relative to the desired IF frequencies will
be measured {(dBc}. The HP 87538 is used
to perform this measurement typicaily
made with a spectrum analyzer. This
measurement makes use of the HP 87538
tuned receiver mode, previously discussed
in the fixed IF/ stepped RF and LO meas-
urement, (page 7).

RF1 = Fixed RF frequency #1

RF2 = Fixed RF frequency #2

LO = Local oscillator frequency

IF1 = RF1 — LO

IF2 = RF2 — 1O
3rd order intermodulation products

3rdl = 2ZRF1 - RF2 — 1O

3rd2 = 2RF2 — RF1 —~ LO

Figure 16 shows a block diagram for a
third order IMD measurement made with
the HF 8753B. The filters, attenuators and
amplifiers provide isolation and remove
unwanted signals from the system. These
are essential to acurate measurements,
because signal levels as low as 60 dBc can
degrade third order IMDD measurements.
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R A

HP 850444
T/A Test Set

Figure 16, Block diagram for a two-tene third
order infermodulation distortion (IMD)
measurement.

Measurement procedure

1. Connect the hardware in figure 6 {page
6) with a thru connection between the
power splitter and the receiver’s B port.
2. Press [PRESET] on all instruments.
3. Select the fixed frequencies and output
power levels for all three external signal
sources, To ensure accurate measurement,
independent of source distinction, power
levels should be chosen give third order
IMD sidebands between —40 and —50
dBe. The power levels below were chosen
for a +30 dB amplifier gain.
RFI: [CW FREQ)] [1] [GHz}
[POWER! [-24] [dBm]
RF2: ICW FREQ] [1.00003] [GHz!]
[POWER] [-17] {dBm]
LO: [CW FREQ] {.9) IGHz]
[POWER] [-10] [dBm]




4. Set up a frequency list {frequency list
mode) of points where the HP 8753B's
receiver is to take data. This includes the
four points of interest IF1, IF2, 3rdl, and
3rd2, and the two endpoints that are used
to center the plot. In this example RF1 is

1 GHz, RF2 is 1.00003 GHz, the LO is

0.9 GHz, and the two third order products
are .09997, and .10006 GHz.

Frequency list data points:

09992 GHz

09997 GHz

JH0000 GHz

10003 GHz

10006 GHz

10011 GHz

[MENU]

[SWEEP TYPE MENLU]

[EDHT LIST]

Enter frequency points. The keystrokes
found directly below will be repeated for
each point in the list.

[ADD]

[CENTER] [#] [G/n]

[SPAN] (2} [k/m]

[NLUMBER of POINTS]

(5] [x1]

[DONE]

Next point:

[DONE]

[LIST FREQ]

5. Reduce the IF bandwidth to lower the
noise floor of the trace, and resolve the
measurement data.

[AVG]

[IF BW [3000 Hz]]

{100] ix1}
6. With the configuration in figure 6 stiil
connected, repeat steps 4 and 5 of the
swept IF conversion loss measurement
{page 6).
7. Connect the instruments as shown in
figure 16, tieing all time bases together
(EXT REF). To minimize the effect of sys-

tem distortien, it is suggested that attenua-

tion at the mixer's IF port be chosen to
give receiver input fevels of —10 dBm or
less.

8. View the absolute power present at port

B relative to the trace of the IF attenuator,
filter, and cable stored in memory.

[MEAS]

B}

[{DATA /MERM]

9. Select tuned receiver mode, This mode
of operation allows the HP 8753B to
receive external signals without the need
to phase lock.

[SYSTEM}

[INSTRUMENT MODE]

[TUNED RECEIVER]

10. Figure 17 shows a comparison of two-
tone third order IMI) measured on a spec-
trum analyzer and on the HP 8753B.

If the displayed third order IMD
products are of unequal magnitude, or
appear to be unstable, change the fre-
quency spacing between the RF input sig-
nals until the display stabilizes.

iR S8 ke

wE MR

dis AEF 0 od

Figure 17. Comparison of third order IMD
measurements made on a spectrum analyzer and
the HP 8753B.

Third order intercept point (TOI)

Third order intercept point can be cal-
culated, using the equation below.
TOIL = DR/2 + (Pin)
Where (P in} is the RF input signal level
and DR is the difference between mixer IF
output power and third order product
mixer output power (dBc).
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Isolation

The equipment configuration necessary
to measure isolation (feedthrough)
between mixer ports is identical to that
used in a transmission (B/R) measure-
ment, shown in figure 18,

ZJ

[e]efals]

I
m

Figure 18. Block diagram for an isolation
HegsHrement.

12

Measurement procedure
LO to RF isolation

1. Connect the hardware as shown in
figure 18.
2. Preset the HP 8753B by pressing
[PRESET].
3. Using the HP 87538’ source as your
local oscillator, select the LO {requency
range and source output power.

[START] [10] [M/u]

[STOP] (3] {G/n]

[MENU]

[POWER] [16] [x1]
4. Perform a frequency response
calibration.

[MEAS]

[B/R}

{CAL]

{CALIBRATE MENU]

{RESPONSE]

{THRU]

[DONE: RESPONSE]
5. Terminate the mixer's IF port with a 50
ohm load,
&. Insert the mixer to be tested between
the power splitter and attenuator leading
to the receiver’s B port. The incident sig-
nal should be entering the mixer's LO port
and exiting the mixer’s RF port.
7. Adjust scale.

[SCALE REF}

[AUTO SCALE]
8. The resulting display shows the mixer's
1O to RF isolation (figure 19)

Measuring the IF to LO or LO feed-

through would follow a similar procedure.

thr 8 MAC oo

G

Figure 19, Plot of LO to RF isolation of a mixer.

RF feedthrough

The procedure and equipment configu-
ration necessary for this measurement are
very similar to those above, with the addi-
tion of an external source to drive the
mixer's LO port as we measure the mixer's
RF feedthrough.

1. Connect the hardware as shown in fig-
ure 18.

2. Preset the instruments by pressing
[PRESET] on the instrament front panels.
3. Using the HP 87538 as the RF source,
select the frequency range and source
power.

[START] [10] [M/p]

{STOP] (3} [G/n]

[MENU]

[POWER] 0] [x1]

4. Perform a frequency response
calibration.

[IMEASH

[B/R]

[CAL}

{CALIBRATE MENU]

[RESPONSE]

[THRU]

{DONE: RESPONSE]

5. Insert the mixer to be tested between
the power splitter and attenuator leading
to the receiver’s B port. The incident sig-
nal should be entering the mixer's RF port
and exiting the mixer's IF port, with the
external source connected to the mixer's
LO port.

6. Select a fixed LO frequency and source
power from the front panel of the external
source. Isolation is dependent on LO
power level and frequency. To ensure good
test results, these parameters should be
chosen as close to actual operating condi-
tions as possible.

[CW] [300] [MHz]

[POWER] [10] [dBm]

7. The resulting display shows the mixer’s
RF feedthrough.

Measuring IF to RF isolation is done in
a similar manner using the HP 8753B's
source as the IF signal, driving the LO
port with an external source, and viewing
the leakage signal at the RF port.




SWR/
Return loss

RF Port SWR

Mixer reflection measurements can be
made simply and quickly using the setup
shown in Figure 20.

20004500

R A

HP 850444

Figure 20. Block diagram for a SWR/return loss
medsurerient.

Measurement procedure

1. Connect the HP 85044A Transmission/
Reflection test set to the HP 8753B.
2, Preset the HP-8753B by pressing
[PRESET].
3. Select the frequency and source output
power for the HP 8753B.

[START] [10] [M/p]

[STOP] [3] IG/n]

[MENU]

[POWER] [13] {x1]

[FORMAT]

[SWR]

4, Perform an 511 -port calibration at the
point to be connected to the RF port of the
mixer. This removes systematic errors
from the reflection measurement.

[CAL]

[CALIBRATE MENUJ

{611 1I-PORT]}
5. Select a fixed LO frequency and output
power level. SWR is dependent on both
LO power level and frequency. To ensure
accurate test results select these
parameters to simulate the conditions that
the mixer will encounter during normal
operation.

[CW] {300] [MHz!

[POWER] [13] [dBm]
6. Connect the mixer's RE port to the
HP 85044A test set.
7. Connect the mixer's LO port to the out-
put of the local osciliator.
8. Terminate the mixer’s IF port with a
50 ohm load.
9. Adiust scale.

[SCALE REF]

[AUTO SCALE]
10. The resulting display (figure 21} ig the
SWR of the mixer's RF port between 10
MHz and 3 GHz.

oo AR

e

sz

Figure 21. Plof of n mixer’s RF port SWR.

IF Port SWR

By connecting the IF port of the mixer
to the front of the HP 85044A, and ter-
minating the mixer's RF port with a
50 ohm load, you can measure the IF port
SWR by using the procedure above.

LO Port SWR

By adding 10 dB attenuators between
the test set and the receiver's R and A
ports, LO port SWR can be measured
using a procedure similar to the one listed
above, using the HI 87538 as the local
oscillator.

Measurement procedure

1. Connect the HP 85044A Transmission/
Reflection test set to the FHP 87538,

2. [PRESET] the HP 8753B.

3. Select the frequency and output power
the local oscillator will be set at under the
mixer’s normal operating conditions, 1f
more power is needed than is available at
the test port, you may insert an amplifier
(<1 Watt) between source and test set, or
replace the test set with a dual directional
coupler.

4, Perform an 511 1-port calibration at the
point to be connected to the mixer’s LO
port.

5. Terminate the mixers RF and IF ports
with 50 ohm loads.

6. Connect the mixer's LO port te the LO
signal generator.

The resulting display of LO SWR shows
signal reflection under typical operating
conditions, and therefore more accurately
predicts the reflections that will be present
during actual operation.
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Appendix

Spur analysis and prediction

As described in the measurement con-
siderations section of this note, the
HI? 8753B is susceptible to spurious
responses caused by unwanted mixing
products of the device entering and mix-
ing with the analyzer's sampler-based
receiver. The easiest way to eliminate
these spurs is to stop the unwanted signals
from entering the HP 8753B. For fixed IF
mixer measurements, this is easily accom-
plished by the use of a bandpass filter
(BPF) centered around the mixer's IF sig-
nal. For swept measurements filtering
alone may not remove all unwanted sig-
nals. If this is the case, both filtering and
frequency selection (frequency list mode)
will be necessary. The spur prediction
program found at the end of this appendix
will help you select the frequencies to
avoid when measuring the mixer's
response.

Spur analysis

Shown in Figure Al is a mixer under
test having RF and LO inputs and an [F
output. Also emanating from the mixer’s
IF port are several other mixing products
of the RF and LO signals. These unwanted
mixing products can cause spurious
responses in the HP 87538 IF signal path
that will degrade measurement accuracy.
For this reason, spurious responses must
be avoided or reduced.

Figure Al. Block diagram of the HP 8753B
receiver and a mixer under test.
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The method used in the HP 8753B to
downconvert incoming IF signals to
1 MHz for internal processing is called
sampling. The sampling method presents
all of the frequency harmonics of the
receiver’s voltage-tuned oscillator (VTO}
to the incoming IF signal. The VTO is
retuned and phase locked so that one of
its harmonics mixes with the incoming IF
signal to give exactly T MHz. An internal
1 MHz BPF stops all other mixing
products of the RE LO and VTO which
are not at I MHz from continuing on
inside the HP 8753B. However, if the
incoming IF signal is composed of many
different frequency components, it is
possible that some other component of the
IF signal will combine with a different
harmonic of the VTO and also produce a
signal at T MHz (see figure A2). This
unwanted signal will then proceed through
the internal 1 MHz BPE along with the
desired signal, and cause a spurious
easurement response.

If you are concerned about spurious
measurement responses it is suggested that
you reduce the instrument’s IF bandwidth,
and avoid frequencies, and frequency

spacings of 1 MHz. Reducing the IF band-
width will more selectively filter signals in
the instrument’s IF signal path. 2 MHz is
the HP 87538’ first internal IF frequency,
therefore 1 MHz and multiples thereof
should be avoided when choosing frequen-
cies and frequency spacings for mixer
measurements made with the HP 87338,

The spur prediction
program

The first step in aveiding or eliminating
spurs is to determine at what frequencies
they may occur. This program predicts the
frequencies that may cause spurious
responses when they enter the HP 8753B's
receiver, so that vou may avoid them
using frequency list mode. This spur
prediction program is written in
HP BASIC 5.0, and although it is special-
ized for fixed LO/swept IF mixer measure-
ments, it can easily be modified for other
measurement configurations. This pro-
gram only predicts the possible occurance
of a spur; it does not predict its power
level. Alse, this program does not consider
RF and 1O subharmonics.

Figure A2. Diagram of mixer IF ouiput and sampler VIO harmonics vs. freguency,
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Introduction

Table of contents This note illustrates capabilities, and practical application exam-
. ples of the test sequence function, the HP 8753B’s new instrument

Introduction ... .. . o e e 2 utomation feature.

GettingStarted ... ... .. o 3 -

. SeqUEnce . . 3 Compoqent measurements r‘nade with a network analyzer are
Creatllng ATESISEQUENCE v generally simple but repetitive in nature, The HP 8733B's test
RunningaTestSequence ... 3 sequence function offers simple automation without the need for an
AborsingaTestSequence ... ..o i 3 external computer. The test sequence function enables the user to
Editinga TestSequence ... ........c.ovviiinniiinana.s 4 manually make a measurement from the instrument’s front panel,
Storing and Recallinga TestSequence ... ................ 4 andlaterrepeat that measurement automatically with asingle key-

Test Sequencing Examples stroke. The analyzer does this by sequentiaily recording the
) ; keystrokes used during the measurement and storing themin an
Cascading MultipleSequences . ................. ... ... 6 infernal memory register.
UsingaloopCounter ......... ... ... ..ot 6 : .
. o The test sequence function can dramatically reduce component
Branching on the Qutcome of a Limit Test ................ 6 testtimesand greatly reduce the possibility of user error. Because the
Sending Out Control CommandsoverHP-IB .............. 7 testsequence function is simply a superset of ali standard front panel

Reading and Displaying Information acquired over HP-IB ... . 7
Creating a User Interactive Test

measurement capabilities no programming expertise is required to
use it.

Using SEQ 6 as an autostart routine

The test sequence function allows the user to create, title, execute
and save up to six independent sequences internally, Sequences may

Application Examples also be saved to external disc and can be transferred between the

1. Comprehensive componenttestexample ................ 9 HP 87533B and an external computer for multi-system management

2. Swept gain compressionexample .. .................... 14 Aapplications. For more complete information about the test sequence

3. Testautomation through external devicecontrol ... . ...... 17 function see the HD 87538 System Operating and Prograntming Man-
1 ” ) : ual (HP part number 08753-90122).

4. Annotating the HP 8733B’s CRT with multiple markers

- for flumk device characterfzanon """""" e 18 Throughout the descriptions in this note, front panel keys appear

5. &uided measurements using HP-GL user graphics ...... .. 21 inbold type, e.g. [IMENU]. Softkeys appear in bold italics, 2.g.

[POWER],

Thisnoteis for an HP 87538, although an HP 8753 A canbe retro-
fitted with the 11882 A upgrade kit to provide identical capability.
Some examples require the presence of the following instailed
options ( harmonics 002, 6 GHz receiver 006, and time domain G30).




Getting started

This section contains brief descriptions of creating, running, edit-
ing and storing /recailing test sequences on the HP 8753B.

Creating a test sequence
Listed below are the steps necessary when creating a sequence,
1. Enter the sequence creation /editing mode by pressing

[SYSTEM]
[SEQUENCING MENU]J
[NEW SEQ/MODIFY SEQ)].

At this time a lst of instructions will appear on the CRT to aid you
increating or editing a sequence (see below).

TEST SEGUENCING

MODIFY
INSERT - Any funetisn ig inseried after cursor.
DELETE - BACK SP deletes line at cursor.
STEP - Use ARROW kaya or RPG, ARROW up doms the funclion at the

cursar and movas ist up. ARROW down only moves List down.
£ND - Fress DONE MODIFY in SEGUENCE MENU.
RUN
START - Press DO SEQUENCE in SEQUENCE MEMY.
KEYS - All front panel keys except LOCAL are locked out antii
sequance slaps,
STGR - Press LOCAL to atop a running sequance,

PAUSE - Press CAONTINUE SEQUENCE in SYSTEM MENU {o restart =
paused saguancs,

OUnly sequance & La saved when Lnatrument {s turned off.

Far more information, #ee Test Sequancing chapter in System Uperating
and Programming Matual.

Seiect a softkey to atart modifying & sequence —

2. Select a sequence position it which to store vour sequence.
Forexample, pressing
[SEQUENCE 1SEQ1]

selects sequence position #1, SEQU is the default title of this
sequence, For information on how to modify a sequence title refer
to Storing and recalling a test sequence.

. When the following display appears on the CRT, you can begin
pressing keys for the desired measurement.

—~Startof Sequance
1996 emptybytesavailable

Your keystrokes will be inserted on the line below the cursor
arrow. 1996 bytes correspond to approximately 200 command
lines. ;

NOTE: Only those keystrokes performing a specific function
willappearin the test sequence. Intermediate keystrokes leading
to more menu cheices will generally be left out of the test
sequence command list.

Example: Thissequence sets up and disptays an $21 measure-
ment of a 134 MHz bandpass filter.

Keystrokes ‘ Test Sequence
[RECALL]
[RECALLPRSTSTATE] . SEQUENCE SEQ!

" [CENTER] ' Start of Sequence
[134]{M/u] RECALL PRST STATE
{SPAN] CENTER
{30][M/u] 134 M/u
[MEAS] SPAN
[Trans: FWD §21(B/R}] 32M/u
[FORMAT] Trans: FWD $21 (B/R)
"[LOGMAG] LOG MAG
[SCALE REF] SCALE/DIV
[AUTOSCALE] AUTD SCALE

4. When you have completed entering the keystrokes necessary to
make a measurement, exit the creation /editing mode by pressing

[SYSTEM]
[SEQUENCING MENU])
[DONE MODIFY]

NOTE: Onlyasequence created in sequence position #6 is
stored in non-volatile memory. Sequences stored in other
positions are stored int volatile memory and wili be lost if the
instrument is turned off.

Running a test sequence
Torun a test sequence press

[SYSTEM]
[SEQUENCING MENU|
[DOSEQUENCE]

followed by the appropriate test sequence number. Itis also possible
to run a sequence be pressing [PRESET] and the appropriate test
sequence number.

NOTE: The test sequence function has been designed to maximize
testexecution speed. Therefore, command order may beslightly
medified during the execution of a sequence. In situations where
sequential execution of cormand steps is critical, placing [WAIT X]
{0} [x1] in a sequence will force the sequence to complete any prior
commands before continuing down the command ljst,

Aborting a test sequence
To stop a test sequence while it is running, press [LOCALL]

NOTE: Itisnot possible to continue a test sequence once it has
been stopped in this manner. '



Editing a test sequence

i The firststep in editing a test sequence is to enter the creation /
editing mode.

[SYSTEM]
[SEQUENCING MENU]
[NEW SEQ /MODIFY SEQ].

2. The nextstep is to select the particular test sequence you wish to
maodify, in this example sequence 1.

[SEQUENCE 15EQ1]}

Once you have chosen which sequence to edit, it will be active
until you exit the creation /editing mode by pressing [DONE
MODIFY]. Shown below is the active sequence, SEQ 1. Note that
forlonger sequences only a portion of the sequence will actually
appear on the CRT atany pointin time.

SEQUENCE SEQ!
Start of Sequence
RECALL PRST STATE
CENTER

134 M/u
SPAN
30M/u
Trana:
L.OS MAG
SCALE/DIV
AUTO SCALE

FWD S21 (B/R)

The active line
The active line is always the line next to the = cursor,

Scrolling through the sequence command list

The position of the -~ cursor is fixed on the CRT, the command list
moves up or down when the operator uses the rotary knobor the
[ ]and [ ]keys.

Pressing the key causes the list to scroll down, and the cursor to point
to the next command line. Pressing the [ s ] key alsc allows you to
execute each line individually as you scroll through the sequence. If
youwish to scroil through the sequence without executing each fine
as you doso, you can press the [ #]key and scroll through the com-
mand list backwards.

Inserting commands

Inserting commands into a sequence requires no special keystrokes,
Move the— cursor to the line immediately above theline to be
inserted, then press the desired keystroke command to be inserted,
and it will appear below the active entry linte.

Deleting commands

Pressing the [BACK SP] (backspace) key deletes the active entry next.
to the — cursor.

Storing and recalling a test sequence

Modifying a test sequence’s title

Before storing test sequences itis often necessary to rename themn, To
modify a test sequence title press

[SYSTEM]

[SEQUENCING MENLU]

{MORE] _

[TITLE SEQUENCE].

Select the appropriate sequence and modify its title by following the
steps lsted below.

[ERASETITLE]

Move the RPG knob to place the cursor under the letter of choice.
Press

[SELECTLETTER]

Repeat this letter selection process until the new title is complete.
Once the title is complete press

[DONE].

Internal storage of a test sequence

The HP 87538 automatically stores test sequences as they are created
ormodified, into an internal memory register initiaily chosen by the
user, Remernber, oniy sequence 6 is stored in non-volatile memory.

Internal recall of a test sequences
Torecall and run or modify a test sequence press

[SYSTEM]
[SEQUENCING MENU]
[DOSEQUENCE] or [NEW SEQ /MODIFYSEQ]

followed by the appropriate sequence number, for exampie
[SEQUENCE 1SEQ1].

Storing a test sequence to an external disc

Connect the disc drive and set the HP §753B to
system controller mode _
1. Connectan HP 9122 (or other C5-80 /HP-IB compatible disc

drive}to the HP 8753B. Program the HP 875338 with the disc
drive’s HP-IB address by pressing

{LOCAL]
[SET ADDRESSES]
[ADDRESS: DISC]

followed by the disc drive’s HP-IB address,
2. Disconnect the HP 8753B from any external computer /control-
ler, Set the HP 87538 to system controller mode by pressing

[LOCAL]
[SYSTEM CONTROLLER].



Formatting a blank disc(Optional)

3. Ifnecessary, format a blank disc by inserting it into default disc
drive 0 and pressing

[SAVE]
[STORETO DISC]
[DEFINE STORE]
[MORE]
[INITIALIZE DISC]
[INIT DISC? YES].

4. Press - {SYSTEM]
[SEQUENCING MENU]

[STORESEQTO DISC].

The titles of the sequences presently stored in internal memory
will be displayed in the softkey menu area.

5. Select the desired sequence to store from those listed in the soft-
key menu area, forexample

[SEQUENCE 1SEQ1].

CAUTION

The save sequence to disc function will overwrite any file on the
disc with the same title. There is no warning to the user whena
file is to be overwritten.

6. Thediscdrive access light will briefly turn on. When it goes out,
the sequence has been saved.

Recalling a test sequence from an external disc

The first part of this section deais with locating a sequence title on an
external disc. This is usefulif you are not sure about the exact
sequence title and wish to read the sequence titles stored on the disc.
If you know the title of the sequence that you wish to recall skip
down to the part of this section that deals with loading a sequence.

Locating a sequence title on an external disc

[SYSTEM]
[SEQUENCING MENU]
[LOADSEQ FROM DISC]
[READSEQ FILETITLS]

if the desired sequence title is not among the first six titles, keep
pressing

Press

[READSEQ FILETITLS]

until the desired sequence title appears. Sequences are stored in
chronological order.

Loading a sequence
1. fyouknow the title of the sequence you are trying toload, press

[SYSTEM]
[SEQUENCING MENU]
[LOAD SEQUENCE FROM DISC].

If the desired sequence title is not on the load sequence from disc
menu, change one of the six sequence titles to match that of the
desired sequence by pressing

[SYSTEM]
[SEQUENCING MENU]
[MORE]
[TITLESEQUENCE]

Select the appropriate sequence position and modify its title as
follows. Press

[ERASE TITLE]

Thenmove the RPG knob to place the cursor under the letter of
choice. Press

[SELECT LETTER]

Repeat this letter selection process until the new title is compiete.
Once the title is complete press

[DONE]
[RETURN]
[LOAD SEQ FROM DISC].

2. Press the softkey next to the title of the desired sequence. The disc
access light should turn on briefly. When it goes out, the sequence
hasbeen loaded.

NOTE: Whenloading interactive sequences from disc, care
should be taken to load them into the expected sequence posi-
tions. Sequences are called by location in the sequencing menu
(sequences 1-6), not by sequence title,



Test Sequencing Examples

Cascading multiple sequences

Cascading test sequences can be used to modularize test sequences
justas subroutines are used to modularize computer programs. Cag-
cading sequences can alsc be used to extend the length of test
sequences to greater than 200 lines. Shown below are two sequences
that have been cascaded. This has been done by having the last com-
mand in sequence 1 call sequence position 2, Once called, the
sequence residing in sequence position 2 will be executed regardless
of sequence title.

SEQUENCE SEQ!
Start of Segquence
RECALL PRST STATE
CENTER
134 M/u
SPAN
oM/ u
00 SEQUENCE
SEQUENCE 2

SEGUENCE SEQZ

Start of Sequences
Trans: FWD 521 (B/R)
LOG MAG

SCALE/DIV

ARUTO SCALE

This process of calling the next sequence from the last line of the pre-
sent sequence can be extended to 6 internai sequences, or an
unlimited number of externaily stored sequences. Note, it is not pos-
sible to nest sequences, because no pointer information exists
between sequences.

Using a loop counter

Listed below are the basic steps necessary for constructing a looping
structure within a test sequence, A typical application of this loop
counter structure is repeating a specific measurement as you step
through a number of CW frequencies or DC bias levels.

1. Createa sequence that will set the initial value of the loop counter,
and call the sequence position containing the sequernce that you
wish to repeat. An example of this sequence is shown below.

SEQUENCE LOOP!
Start of Sequence
RECALL PRST STATE
L0OOP COUNTER
19x1
DO SEQUENCE
SEQUENCE 2

2. Create asecond sequence that will perform the desired function,
decrement the loop counter, and call itself untii the loop counter
value is equal to zero, An example of this sequence isshown
below.

SEQUENCE LOOPZ
Start of Sequence

(MAKE MEASUREMENT)

DECR LOOF COUNTER
IF LOOP COUNTER <> @ THEN B0
SEQUENCE 2

Branching on the outcome of a limit test

Listed below are the basic steps necessary forconstructing a
sequence thatis to branch on the outcome of a limit test. By configur-
ing sequences similarly to the ones below, the test sequence function
can automatically make a decision based on the outcome of a limit
test or series of limit tests.

1. Create aninstrument state including limit lines that will be used
to test your device.

2. Create a sequence that will recall the desired instrument state,
perform a limit test, and branch to another sequence position
based on the outcome of that [imit test, An example sequence
(BRANCH])is shown below.

SEQUENCE BRANCH!1

Start of Sequance

RECALL 1

LIMIT LINE

ON

LIMIT TEST
ON

IF LIMIT TEST PASS THEN 0O
SEQUENCE 2

IF LIMIT TEST FAIL THEN 0O
SEQUENCE 3

3. The sequence position called by the branching statement contains
a sequernce that performs a specific function such as tuning and
retesting a device that has failed, or storing data for a device that
has passed. Two example sequences are shown below.

The sequence BRANCHI stores data for a device that has passed
the limit test in sequence BRANCH]I,

SEQUENCE BRANCHZ
Start of Sequencs
STORE !

The sequence BRANCH3 prompts the userto tune a device that
has failed the limit test in sequence BRANCH]1, and calls sequence
position | to retest the device once it has been tuned.

SEQUENCE BRANCHS3

Start of Sequance
TITLE

TUNE DEVICE; PRESS CONTINUE TO RETEST
SYSTEM

PAUSE

DO SEQUENCE

SEQUENCE 1



Sending out control commands over HP-1B

White the test sequencing function is notintended to have all the
fiexibility of programming over HP-1B witha computer, it does have
some limited HPF -1B controf capability.

Sending out controi commands over HP-18 is accomplished by writ-

ing FIP-1B mnemonics with the [TITLE | softkey, and sending out

these mnemonics via the [TITLETO PRINTER], and [TITLETO
PMTR /HPIB]softkeys.

This feature simply allows the HP 8753B to set parameters on other
HP-IB instruments: it does not enable complete talker /listener
capabilities. As a typical exampie, it could be used to automatically
set the frequency on an external RF source or seta DC bias level onan
external bias source, The steps necessary to send out control com-
mands are outlined below.

1. Connect the HP-IB device or devices that you wish to control
using the HP 8753B.

2. Create a sequence that will recall a known instrument state, set
the correct addresses for the HI-IB equipment connected to the
HP 8753B, and put the HP 8753B into system controller mode.
This sequence will also produce display titles containing HP-IB
mnemonics, and send these titles out to the appropriate instru-
ments on the bus. An example sequence is shown below.

SEQUENCE SEN

Start of Sequance

RECALL PRST STATE

ADDRESS: P MTR/HPIB
14x1

SYSTEM CONTROLLER

TITLE
PLIODBSFEIMZiCW1.86Z

TITLE TO P MTR/HPIB

Reading and displaying information
acquired over HP-IB

The first step in reading and displaying information acquired over
HP-IBis toinitialize external instruments by creating and sending
HP-IB mnemonics with the [TITLE], and [TITLETOPMTR/
HPIB ]softkeys, Once the external instruments have been initialized
the [PMTR /HPIBTOTITLE], and [TITLE TO MEMORY]
commands can be used to read in and store data. By displaying the
memory trace this data can be displayed. The steps necessary to read
and display information read in over HP-IB are outlined below.

1. Connect the HP-IB device or devices that you wish to control to
the HP 8753B.

2. Create asequence that will recall a known instrument state, seta
loop counter value equal to the desired number of points in the
measuretnent, set the correct addresses for the HP-iB equipment
connected to the HP 8753B, and put the HI? 8753B into system
controlier mode. This sequence will also produce and send cut
display titles toinitialize the HP-IB instruments to be used. An
example sequence is shown below.

SEQUENCE READ!Y
Start of Senuence
RECALL PRST STATE
REAL
NUMBER of POINTS
S5ix!?
LOOP COUNTER
Einl
DATA -> MEMORY
DISPLAY: MEMORY
ADDRESS: P MTR/HPIB
13x1
SYSTEM CONTROLLER
TITLE
PR1BP LN
TITLE TO P MTR/HPIB
MEASURE RESTART
0C SEQUENCE
SEQUENCE 2

3. Create a second sequence that will decrement the loop counter
value, trigger the instruments, and read and display the data read
in over FIP-IB. This sequence will repeat itself until the loop coun-
ter value is equal to zero. An example sequence is shown below.

SEQUENCE READZ
Start of Seguence
MANUAL TRG ON POINT
TITLE

TRZ:

TITLE TO P MTR/HPIE
P MTR/HPIB TO TITLE
TITLE TC MEMORY
DECR LOCP COUNTER
IF LOGP COUNTER <> O THEN DO
SEQUENCE 2



Using SEQ 6 as an autostart routine

Creating a user interactive test
By labeling sequence position 6 JAUT O], it will automatically

Automatic test procgdures oftenrequire an operator io connect/dis- L ovite every time the line power is cycled. The sequence below
connect dev1ce§ during the course of a measurement. The test shows a typical autostart routine thatinitializes the analyzer, recalls
sequence function can be used to execute user prompts during the instrument states, and loads and executes test sequencesstoredonian 7 "
execution of an automated measurement. external disc drive, Note that sequence 6 mustbeused, because itis

This exampie shows how to utilize user prompts in an automated
test situation. '

1. Store measurement parameters and limit lines in an instrument
state.

2. Create a test sequence that recalls an instrument state and per-
forms a limit test. If the limit test fails, this sequence will send a
message to the CRT instructing the user to tune the DUT. If the
limit test passes, the sequence will branch to another sequence
that will prompt the user to prepare the next device for testing, or
exit from the test. An example is shown below.

SEQUENCE TEST!
Start of Seguence
RECALL 1
LIMIT LINE
ON
LIMIT TEST
ON
IF LIMIT TEST PASS THEN DO
SEQUENCE 2
TITLE
TUNE DEVICE AS NEEDED
SYSTEM
PAUSE
B0 SEQUENCE
SEQUENCE f

SEQUENCE TEST2
Start of Sequence
TITLE
PRESS LOCAL TO EXIT TEST
SYSTEM
PAUSE
TITLE
CONNECT THE NEXT DEVICE TO BE TESTED
SYSTEM
PAUSE
BC SEQUENCE
SEQUENCE 1

the only sequence stored in non-volatile memery.

SEQUENCE AUTO
Start of Saguence
RECALL PRST STATE
ADDRESS: DISC
Toxl
TITLE REGISTER !
FILEY
LOAD 1
SAVE 1
TITLE REGISTER 2
FILEZ
LOAD 2
SAVE 2
TITLE SEQUENCE
SEQUENCE 1

ONE
LOAD SEQUENCE |
LOAD SEQUENCE 1
TITLE SEGUENCE
SEQUENCE 2

TWO
LOAD SEQUENCE 2
LOAD SEQUENCE 2
DO SEQUENCE
SEQUENCE



Applications Examples

. The following section illustrates a number of measurement examples

* using the test sequence function.

1. Comprehensive component test example.

This test uses pre-stored limit lines and test sequencing’s buiit-in
logic functions to automatically measure amptifier gain, reverse iso~
lation, input and output match, gain compression, and second and
third order harmonic output levels.

AMP1.  This sequence recalls measurement parameters from
instrument state reg 1 and performs a limit test of amplifier smail sig-
nal gain, while simultareously displaying amplifier input matchin a
Smith chart format. If the limit test passes, this sequence will call
sequence position 2 (AMP2), If the [imit test fails, it will branch toa
tuning sequence that witl allow device tuning and an opportunity for
retest, The resulting display is shown in figure 1.

AMP2. This sequence recalls measurement parameters from
instrument state reg 2 and performs a limit test of amplifier reverse
isolation, while simultaneously displaying amplifier output match in
a Smith chart format, If the Himit test passes, this sequence will call -
sequernce position 3 (AMP3). If the limit test fails, it will branch toa
tuning sequence that will allow device tuning and an opportunity for
retest,

AMP3.  Thissequence recalls measurement parameters from

instrument state reg 3 and performs a CW frequency, swept power,

gain compression measurement of an amplifier. The 1 dB gain com-

pression pointis displayed using a marker search function. The

- resulting display is shown in figure 2. Once completed, this sequence
. calls sequence position 4 (AMP4),

AMP4. Thissequence recalls measurement parameters from
instrument state reg 4 to test second and third order harmonic levels
in dBe. Ifthe limit test fails, this test will branch to a tuning sequence
that will allow device tuning and an opportunity for retest. This
sequernce requires use of an instrument equipped with option 002,

Two displays showing the results of the harmonic tests are shown in
figure 3.

AMPS5.  This sequence pauses testing to allow tuning, then calls
sequence position 1{AMP1) to retest device.

REGI. Thisregister contains measurement parameters (start fre-
quency, stop frequency, power level, number of points ...); display
format {log mag, Smith chart...); calibration data {full two-port cal-
ibration); and limit lines to be used in the amplifier gain, and input
match measurements contained in sequence AMPI. The information
contained in this register is device-specific and will depend on the
amplifier under test but the sequences utilizing it are designed to be
independent of the device under test.

REG2, Thisregister contains measurement parameters (start fre-
quency, stop frequency, power level, number of points ...); display
format (log mag, Smith chart ...); calibration data (full two-port cal~
ibration); and limit lines to be used in the reverse isolation, and
output match measurements contained in sequence AMP2. The
information contained in this register is device-specific and will
depend on the amplifier under test but the sequences utilizing it are
designed to be independent of the device under test.

REG3. Thisregister contains measurement parameters (start
power level, stop power level, CW frequency , number of

points...}; display format (log mag, Smith chart...); to be used in the
amplifier gain compression measurement of sequence AMP3. The
information contained in this register is device-specific and will
depend on the amplifier under test.

REG4. Thisregister contains measurement parameters (start fre-
quency, stop frequency, power level, number of points ...}; display
format {log mag, Smith chart...); and limit lines to be used in the
amplifier harmonic level test contained in AMP4, Theinformation
contained in this register is device-specific and wil depend on the
ampiifier under test.



SEQUENCE AMPI
Start of Sequence
RECALIL 1
LIMIT LINE
ON
LIMIT TEST
ON
BEEF FAIL
ON
IF LIMIT TEST FAIL THEN DG
SEQUENCE &
MKR FCTN
SEARCH MAX
TITLE
SMALL SIGNAL GAIN
CH 2
Refl: FWD St11 (A/R)
DUAL CHAN
ON
SMITH CHART
TITLE
INPUT MATCH
SYSTEM
PAUSE
DO SEGUENCE
SEQUENCE 2

THL S=. lon MAG i 27. 803 o8

10 &8/ REF O oS
SMALL: SIGNAL GAIN j

907, 200 0G0 mHz
5

e

TASS

cHE By L U F5
INPUT MATCH

ir @355 o =318 7% o 10. 0Q1 pF
B07. 200 QQ0 MHz

FTART 20. 000 OO0 MMz

Figure1, Display of amplifier gain and input match

Performing a limit test of amplifier gain.

Displaying input match on a Smith chart format, and
pausing execution of the sequence.

Branching to sequence position 2.



SEQUENCE AMP2
Start of Seauence
RECALL 2
LIMIT LINE

ON

LIMIT TEST

On
BEEP FATL

ON

IF LIMIT TEST FAIL THEN DO
SEQUENCE 5
MKR FCTN

SEARCH MIN

TITLE

REVERSE IS0LATION
CH 2
Refl: REV 8§22
DUAL CHAN

ON

SMITH CHART

TITLE

QUTRUT MATCH

SYSTEM

PAUSE
00 SEQUENCE
SEQUENCE 3

Performing a {imit test of amplifier reverse isolation.,

Displaying output match on a Smith chart format, and
pausing execution of the sequence.

Branching to sequence position 3,
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SEGUENCE AMP3
Start of Seguence
RECALL 3
MKR FCTN
SEARCH MAX
MKR
DELTA REF MKR = 1
MARKER 2
MKR FCTN
SEARCH TARGET Performing a CW frequency gain compression measurement of an
-1 %1 amplifier.
MKR
DELTA MKR MDDE DFF
TITLE
1 DB GAIN COMPRESSION
MKR
SYSTEM
PAUSE
DO SEQUENCE Branching to sequence position 4.
SEQUENCE 4

oMt 84 iog MAG 1 W8/ REF 28 oF 2 28,837 a8
L UB BALN COMPRESSIC 2.4 dBm

ceT MARKER 2

2k 448 o8k
- e

AN

FTARY 5.0 4d8am oW I 000,900 000 MMz STOP 10, C d8m

Figure2. Display of the amplifier's CW frequency gain compression

SEQUENCE AMP4

Start of Sequence

RECALL 4 :

DURL CHAN

ON

SPLIT DISP

OFF

COUPLED CH

OFF

FPOWER

COQUPLE PWR

ON

DZ2/01 tob2 Configuring dBc harmonic measurement,
ON

HARMONIC SECOND Performing second order harmonic cutput level limit test.
SINBLE
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TITLE

ZND HARMONIC(DBC)

LIMIT LINE

ON

LIMIT TEST

ON

BEEF FAIL

ON

IF LIMIT TEST FAIL THEN DO

SEQUENCE &

SYSTEM
PAUSE

HARMONIC THIRD

SINGLE
TITLE

3RO HARMONIC (0BC)
IF LIMIT TEST FAIL THEN DO

CHl 3 Log MAG 1G «9/ REF -80 of Ja w13, 416 of
s2/03 Log HAD 10 a8, REF O o8 f i -33.02  oB
BE ZND HARMONIC | (OBGS 1 000. SO0 Qge Mz
; i ]
| 3
o, e A
.
%
; RASS
]
ot ‘ ;
CHL START 20, 00U DU0 Mmz STOR 1 500, QGG 000 Mez
CHE START 30, 000 000 Mwmz STOF t 500, GGG GO0 WHz

Pausing between measurements of second and third order harmonic

leveis.

Performing third order harmonic output level limit test.

GCHE 8 leg MAG 10 Q87 REF -85 of Lo=13, 208 oB
=gt} log MAG 1G @87 REF O of T 1e -4A8, 215 o8
CBRD MARMONIC <DECY : 1000, G608 000 MHx
! : i : . :
| : ;
e un e SO i i i
& i
i v
pact
He3 :
HId ‘

Chi START 20, 2CE Q00 Muz TSR L 04, 040 OO0 MMz
CH2 START 20, G0 D00 MHz TP ¢ 8500, $00 GO MHzZ

Figure 3. The results of the amplifier's second and third order harmonic level test

SEQUENCE AMPS

Start of Sequence

CONTINUOUS

TITLE

LIMIT TEST FAILED. TUNE AS NECESSARY

SYSTEM
PAUSE

DO BEQUENCE
SEQUENCE !

Allowing the operator to tune and retest device as necessary,
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2. Swept gain compression example.

The amplifier’s swept gain compression is found by sweeping input
power and finding 1 dB gain compression points at a listof CW fre-
quencies. This example utilizes many of the analyzer’s new features
including loop counters, power meter calibration, and reading data
over HP-IB, This measurement illustrates how sequences can be
used instead of HP-1B programs for simple device testing. A display
of theresulits is shownin figure 4.

COMPL  Sets necessary measurement parameters, acquires cal-
ibration data, and initializes marker and loop counter values. Once
completed, this sequence calls sequence position 2 (COMP2),

COMP2.  This sequence performs a CW frequency, swept power,
gain compression measurement, and stores the amplifier's output
power at 1 dB gain compression into the memory data array. Once
compieted, this sequence calls sequence position 3 (COMP3).

COMP3. Thissequence increments the CW measurement fre-
quency, and decrements the loop counter. If the loop counter value is
equat to zero (all data points measured}, this sequence wiil scale and
display the 1dB gain compression data of the ampilifier. Ifitis not
equal to zero the sequence will call sequence position 2 (COMP2),
where another piece of data will be taken.

SEQUENCE COMPY |
Start of Sequence
RECALL PRST STATE
POWER MTR:
A38R/A3T
ADDRESS: P MTR/HPIB
13xt
START
SOM/u
5TOP
3 6/n
NUMBER of POINTS
26x1
L 00OP COUNTER
26x1
IF BUW
3008 x1
MKR
MARKER 2
SBM/u
R
TITLE
CONNECT PWR METER TQ PORT 1
"BYSTEM
PAUSE
TITLE

HMOLD

PWRMTR CAL

NUMBER of READINGS
2 xt

ONE SWEEP

TAKE CAL SWEEP

14

THI MEM R S U REF -85 U
1 D8 GAIN COMPRESSION

a0 S.ald? U
. 80,000 QOO Mzl

LmDBM

r:}r~

N

F

IYARY S0 GO0 909 Mrix STOR 3 004, 000 J05 WAz

Figure4. Display of amplifier 1 dB gain compression points versus
frequency.

Measurement parameters are chosen here in the first section of
COMPL

The number of measurement points, and loop counter value are both
setto 26.

Marker 2 holds CW frequency information: note that its initial value
is the measurement start frequency.

A power meter calibration is done to level the test port 1 output
power to ( dBm, For more information on power meter calibration
see the HP 8753B System Operating and Programming Manual
(08753-90122).



SINGLE
CONTINUOUS
TITLE

CONNECT THRU
SYSTEM
FAUSE
TITLE

B
CALIBRATE: RESPONSE
CAL STANDARD
DONE: CAlL CLASS
INTERPOL
On
PWRMTR CAL
PWRMTR CAL OFF
POWER
ATTENUATOR PORT
10x}
MARKER ~-> CUW
MKR
MARKER 1
CW FREQ
Trans: FWD §21 (B/R)
POWER SWEEP
paTA -> MEMORY
SWEEP TIME
@ x1
TITLE
CONNECT AMPLIFIER UNDER TEST
SYSTEM
PAUSE
DO SEQUENCE
SEQUENCE 2

Athruresponse calibration, using the power calibrated test port 1 as
asousce, calibrates the receiver to measure power at input port B.
Input port Bis now calibrated to measure power within the dynamic
accuracy specification of the analyzer, providing that the receiver's
maximum input poweris not exceeded.

Aninput attenuator value is chosen to prever overdriving the
amplifier under test.

NOTE: From this point forward the only measurement calibration
used is the receiver power calibration. Therefore, adding an input
attenuator (lowering source power), does not affect the calibration
data or the accuracy of the measurement.

Initializing the memory array, and setting the analyzer for the mini-
muzn possible sweep time.
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SEQUENCE COMPZ
Start of Seguence
STOP
28x1
SINGLE
SCALE/DIV
AUTO SCALE
MKR FCTN
SEARCH MAX
MKR
MKR ZERO
MKR FCTN
SEARCH TARGET
-1 xl
SEARCH MIN
SEARCH TARGET
B
SINGLE
SCALE/DIV
AUTO SCALE
MKR
DELTA MKR MODE QFF
MARKER 1
TITLE
I[MKR]
TITLE 7O MEMORY
Trans: FWD 521 (B/R}
D0 SEQUENCE
SEQUENCE 3

SEQUENCE COMP3
Start of Seguence
LIN FREQ
MKR
MARKER 2
MKR ZERO
118 M/u
DELTA MKR MODE OFF
MARKER -~> Cu
MKR
MARKER 1
POWER SWEEP
SINGLE
DECR 1LOOP COUNTER
IF LOOP COUNTER <> @ THEN DO
SEQUENCE 2
DISPLAY: MEMORY
REAL
SCALE/DIV
AUTO SCALE
LIN FREQ
CONTINUOUS
SCALE/DIV
AUTO SCALE
MKR
MARKERS: DISCRETE
TITLE

1 OB GAIN COMPRESSION  Us=DBM

This sequence measures the amplifiet’s gain compression versus
swept power at a CW frequency. A similar measurement of gain com-
pression is shownin Figure 2.

Theamplifier's maximum smali signal gain is found and established
as a reference by using the marker search maximum, and marker
zero functions.

Searching for the amplifier’s 1 dB compression point is done by set-
ting the target value to —1dB and using the search target function.

The search minimum function is used to insure that if the amplifier
does not compress by at feast 1 dB at maximum source output power
{+20dBm), it will return a maximum amplifier output power.

By turning delta marker mode off the amplifier's output powerat 1
dB gain compression is stored in the active marker (marker 1),

The 1dB gain compression point contained in marker 1is putinto the
title string and stored in a position in the memory array. Once all

data has been taken the memory trace will be displayed versus fre-
quUency.

Marker frequency values cannot be changed in power sweep mode,
Therefore, the sweep typeis changed tolinear frequency.

Marker 2 holds the CW measurement information. Its value is incre-
mented by adding the marker zero value to the previous
measurement frequency. The marker zero value, is given by the
equation below.

Stop Freq. —~ Start Freq,
{#of Points) — 1

Marker 1 is made active, the analyzer is put back into power sweep
and the loop counter is decremented. Until the loop counter vaiue is
equal to zero (all data points measured), this sequence will branch
back to sequence position 2 ({(COMTP2) to take another data point.

Marker zero value ==

Once the ioop counter is equal to zero the data stored in the memory
trace is scaled and displayed.



3. Test automation through external device
control.

This exampie demonstrates how the HP 8753B can control external
devices over HP-IB, and use aioop counter to make a stepped meas-
urement. A block diagram for this measurement is showmin figure 5.

CONLOSS1.  This sequence initializes the analyzer and external
sources prior t6 the measurement. This preparation includes
addressing and initializing the two sources, putting the analyzerinto
tuned receiver mode, setting up a frequency list of 26 points, and set-
ting the loop counter value to 26.

CONLOSS52.  This sequence takes data, increments source fre-
quencies and decrements the loop counter until ail 26 measurements
are made, and the loop counter valueis equal to zero. Once the data
has been taken, the conversion loss data is displayed, and the
addresses used for the sources are returned to default values.

SEQUENCE CONLOSSH
Start of Sequence
RECALL PRST STATE
SYSTEM CONTROLLER
ADDRESS: PRINTER
19x1
ADDRESS: P MTR/HPIB
21x1
TUNED RECEIVER
EDIT LIST
ADD
CW FREQR
500 M/u
NUMBER of POINTS
2Bx1
DONE
DONE
1.1ST FREQ
LOOF COUNTER
Z26x1
B
SCALE/DIV
2 %1
REFERENCE POSITION
P xi
REFERENCE VALUE
~20x 1
MANUAL TRG ON POINT
TITLE
PLO.20BsSFIGZiCWIGBZ;
TITLE TO PRINTER
TITLE
PLBDBSFIGZiCWIBT;
TITLE TG P MTR/HPIB
DO SEQUENCE
SEQUENCE 2

EXTERNAL REFERENCE

HE B3408 WP a3sca #R_979IA
SYNTHERIZER . STNTHESIZER (TURED RECEIVER MODE)

2t g

128 Oy st

LA s v okz
S R § it
i \L/ B P .
‘0 gB 20 ag

\_ 1.5-28.5 ity J

Figure5. Blockdiagram fora fixed IF mixer conversions loss
measurement,

HP-1B addresses are assigned to the two external sources to be used,
One source will reside at HP-IB address 19, presently the system
printer address, while the other will beat HP-1B address 21, pres-
ently the systerm power meter address.

This measurement is made in tuned receiver mode, with a 26 point,
CW list frequency sweep.

The {oop counter value is set to the number of measurement points to
beused, in this case 26,

The two sources are initialized to the necessary powerlevels, step
frequencies, and start frequencies. : )
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SEQUENCE CONLOSSZ
Start of Sequance
MANUAL TRG ON POINT
TITLE
UP;
TITLE TO PRINTER
TITLE TQ P MTR/HPIR
DECR LOOP COUNTER
IF LOOP COUNTER <> @ THEN DO
SEQUENCE 2
TITLE :
DMS1-26 CONVERSION LOSS RF=1-28GHZ
ADDRESS: PRINTER
1 %1 .
AODDRESS: P MTR/HPIB
13x1

4. Annotating the HP 8753B’s CRT with
multiple markers for quick device
characterization.

This exampie simuitaneously displays eight markers and their values
on a single trace, through the use of Hewlett-Packard Graphics Lan-
guage (HP-GL) commands. The resulting display is shown in figure
6. For more information on HP 87538 display graphics and HP-GL
comnmands, refer to Appendix D of the HP 8753B Quick Reference
Guide.

MKRI. This sequence sets up measurernent parameters and chan-
nel 1 markers for a SAW flterinsertion foss measurement. Once
completed, this sequence calls sequence position 2 (MKRZ).

MKR2. Thissequencesets up measurement parameters and chan-
nel 2 markers for a SAW filter insertion loss measurement. Once
cornpleted, this sequence prints the measurement results and returns
the analyzer to continuous sweep mode.

18

CONLOSS2 triggers the analyzer to take a data point, instructs the
sources to step up in frequency, and decrements the loop counter.
This is repeated until the loop counter value is equal to zero. Conver-
sion loss data is then displayed, and FIP-IB printer and power meter
addresses are returned to 1 and 13 respectively.

CHI S3;  log MAG 20 B/ REF -850 o 41 ~2%, 856 o
THZ 53y  log MAG 20 dBs  REF ~80 o8 4 ~BO.ER7T ad
: I3z, foo 000 MAz

i -Pe. 61 DB 120 mHE 1 ~23. 351 DB 136 MHZ

N, 2N =L - Y - Y VTN BBl o 1A

-3, T2 OB 142 MpZ

]

dr ~E2- BT DB L28 MMZ

TR = o P Ol BT ET o ] S

148, 900 GQD Mz

YaAmal 7 T

134, GO0D D00 MHe SRanN

e

CENTER AT QDO GOD mbz

Figure 6. Display of a filter's transmission response including
8markers and their values.



SEQUENCE MKR!
Start of Sequence
RECALL PRST STATE
Trans: FWD 8521 {B/R)
POWER

@ xt
CENTER

134 M/u
SPAN

20M/u
LOB MAG
SCALE/DIV

20x1
REFERENCE POSITION

2 x1
REFERENCE VALUE
-8@x !
ADDRESS: PRINTER

1 xt
ADDRESS: P MTR/HPIB
17x1
SYSTEM CONTROLLER
SINGLE
MKR
MARKER 1

128 M/u
TITLE
PU{PASE5Q/33081LBI{MKRICACTILEQOL]
TITLE TG P MTR/HPIB
MKR
MARKER 2

124 M/u
TITLE
PU;PASSG/3100LBIMKRILACT IIEOL]
TITLE TO P MTR/WPIB
MKR
MARKER 3

128 M/u
TITLE
PUIPABER/ 2900 LBIMKRIIACTILEOL]
TITLE TO P MTR/HPIB
MKR
MARKER 4

132 M/u
TITLE

PU; PASGA/ 2700 LBIMKR I[ACT ILEOL]
TITLE 70 P MTR/HPIB
TITLE

00 SEQUENCE
SEQUENCE 2

Choosing channel 1 measurement parameters,

Setting the system power meter address to 17, the HP §753B's
display graphics acdress.

Activating marker 1 onchannel 1, moving it to 120 MHz, and
positioning frequency and magnitude display information on the
CRT.

Activating marker 2 onchannel 1, moving it to 124 MHz, and
positioning frequency and magnitude display information on the

Activating marker 3 on channel 1, moving itto 128 MHz, and
positioning frequency and magnitude display information on the
CRT, :

Activating marker 4 on channel 1, moving itto 132 MHz, and
positioning frequency and magnitude display information on the
CRT

19
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SEQUENCE MKRZ
Start of Sequence
CH 2
Trang: FWD SZ1 (B/R)
POVER
@ x!
LOG MAG
CENTER
134 M/u
SPAN
38M/u
SCALE/DIV
20x1
REFERENCE POSITION
2 =t
REFERENCE VALUE
-E@x1
MKR
MARKERS: UNCOUPLED
SPLIT DISP
OFF
DUAL CHAN
ON
ADDRESS: PRINTER
1 xd
ADDRESS: P MTR/HPIB
1%
SYSTEM CONTROLLER
SINGLE
MARKER 1
136 M/u
TITLE
PUPAZ0Q0/ 3300 LBIMKRILACTILEDOL]
TITLE 70 P MTR/HPIB
MKR
MARKER 2
148 M/u
TITLE
PUsPA3Q0Q/3100: LBIMKRITACT ILEQL ]
TITLE TO P MTR/HPIB
MKR
MARKER 3
144 M/u
TITLE
PUsPAZORD/29@0 LBIMKRILACTIIEDOL]
TITLE TO P MTR/HPIB
MKR
MARKER 4
148 M/u
TITLE
PU;PA3OOQ/27C0LBIMKRIIACT I EOL]
TITLE TQ P MTR/HPIB
TITLE

PRINT
CONTINUCUS

Choosing channel 2 measurement parameters,

Activating marker 1 on channel 2, moving tt t0 136 MHz, and
positioning frequency and magnitude display information on the
CRT.

Activating marker 2 onchannel 2, moving it to 140 MHz, and
positioning frequercy and magnitude display information on the
CRT

Activating marker 3 on channel 2, moving itto 144 MHz, and
positioning frequency and magnitude display information on the
CRT

Activating marker 4 on channel 2, moving itto 148 MHz, and
positioning frequency and magnitude display information on the



5. Guided measurements using HP-GL
user graphics.

This example uses HP-GL commands to create two connection dia-
grams, and displays thern on the analyzer's CRT. The purpose of
these diagrams is to lead a user through an interactive measurement,
including a power meter calibration of the HP 8§7538's test port
power. For more information on HP 87338 display graphics and HP-
GL commands, refer to Appendix D of the HP 87538 Quick Reference
Guide,

UGl This sequence uses HP-GL commands to draw and display
the connection diagram for a power meter calibration. The resulting
CRT display is shown in figure 7. Once this sequence has been com-
pleted, sequence position 2 (UG2)is called.

UG2. This procedure sets measurement parameters, performs a
one sweep power meter calibration, stores the chosen instrument
state to disc, and calls sequence position 3 (UG3).

UG3.  This sequence uses HP-GL commands to draw and display
the connection diagram for device characterization. The resulting
CRT display is shown in figure 8. Once this sequence has been com-
pleted, sequence position 4 (UG4)is called.

UG4. This procedure recalls the instrument state stored in UG2,
and performs the measurernent of the device under test.

SEQUENCE UGt
Start of Seguence
SYSTEM CONTROLLER
ADDRESS: PRINTER
17x1
TITLE
AF;CSs
TITLE 70 PRINTER
TITLE
PUsPASOG/22003P0;
TITLE TO PRINTER
TITLE
PR2700/02/0/1200/-2700/0/2/ 1080 1Py}
TITLE TO PRINTER
TITLE
PUtPABRO/ 2300 Py
TITLE TO PRINTER
TITLE
PR120Q0/2/0/800/-1200/9/9/-~808PUy
TITLE TO PRINTER
TITLE
PUsPAERY/3200;5PD; PABDR/ 3400
TITLE TO PRINTER
TITLE
PAZ800/34001PA3200/3200;
TITLE TO PRINTER.

SEQUERGING
MENU

CENTINUE
SEGUENCE

————

LIpHT
MENY

RF R A B HP-13
? ? ? ? TRANSFORR
&1 $ J; é SEENU

_8.‘ e
FREQ RANGE
JGHIBEH?
HARMONIE
EAS
M BFOWER METER INSTRUMENT
MaoE
€

SERVIGE
CONNECT DIAGRAM AND CONTINUE WENT

Figure?. HP-GL diagram for a power meter calibration connection.

Putting the analyzer into system controller mode. Setting the CRT"s
FIP-1B address (17) to the system printer’s address, and clearing the
graphics and measurement display.

Drawing the outside box of the HP 8753B.

Drawing the display of the HP 8753B.

Drawing the perspective lirtes for the outside box of the HP §753B,
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TITLE
PUIPRZBB@/ 480 FPDy
TITLE TO PRINTER
TITLE

PRIZGO/0/0/800/-1300/0/0/-800:PU;

TITLE TC PRINTER
TITLE
PAZB7S/470LBolECL]
TITLE TO PRINTER
TITLE
PU:;PAZ2B35/500Q:PDIPATIS/E00FU,
TITLE TQO PRINTER
TITLE
PUPAT35 /5881 PD s PATIS/ 1350 1PUY
TITLE TO PRINTER
TITLE
PRZ28BSH/BPO1LBHP POWER METERIEOLZ
TITLE TO PRINTER
TITLE
PUIPA7020/18304PD;
TITLE TO PRINTER
TITLE
PRSQ/Q/Q/78/-30/8/B/-701PUy
TITLE TD PRINTER
TITLE
PU;PAB25/13503PDy
TITLE TO PRINTER
TITLE
PR2AR/Q/Q/480/-240/0/0/-4801PU:
TITLE 70 PRINTER
TITLE
PUIPAZBOO/12001PD:PAABRG/275D1PY
TITLE TO PRINTER

TITLE
PUIPAZBO@/27504PD1PA3Z208/2750 1FPU)
TITLE TO PRINTER
TITLE
PUIPASBSR/1200PDPA3BR0/2800PU
TITLE TO PRINTER

TITLE
PUPA3BSD/2800:1FPD1PA3200/28080:FPUy
TITLE TO PRINTER

TITLE

PA4DRQ@/2400LBHP-IBILEDL]

TITLE TO PRINTER

TITLE

PUPALSRO/1687Q1PDy

TITLE TO PRINTER

TITLE ‘
PRZ2700/0/8/5Q0/-2700/2/0/ 580 1PU}
TITLE TO PRINTER

TITLE

PAIBTS/2325:L.LB o o o olEOQL]
TITLE TO PRINTER
TITLE

PA1BTS/2080;5LE o o o olEQL)

Drawing the power meter box.

Drawing th